
NEWZEALAND 



3^ EDICT OF GOVERNMENT "^l 

In order to promote public education and public safety, equal justice for all, 
a better informed citizenry, the rule of law, world trade and world peace, 
this legal document is hereby made available on a noncommercial basis, as it 
is the right of all humans to know and speak the laws that govern them* 



NZS 4320 (2004) (English) : Design of reinforced 
concrete masonry structures [By Authority of 
Compliance Document for Clause Bl Structure of the 
New Zealand Building Code] 



>^(jI& ^ w (d^ cJ^ 



We will sell to no man, 
we will not deny or defer to any man either justice or right. 

Magna Carta— Tutohinga Nui 

Kore rawa e hoko ki te tangata, e kore e whakakdihoretia, 

e tautuku ranei te tangata ki te ture, tika ranei. 




Gr^GfhG^GfhG^GfiiG^G{^Gf^GfhG^Gfh0 



BLANK PAGE 



^*-^^^ 





PROTECTED BY COPYRIGHT 



NZS 4230:2004 

Incorporating Amendment No. 1 



^ 



STAntDARDS 



New Zealand Standard 



Design of Reinforced Concrete 
Masonry Structures 

Superseding NZS 423o:Parts i and 2:1990 




NZS 4230:2004 



COMMITTEE REPRESENTATION 

This Standard was prepared underthe supervision ofthe Design of Reinforced 
Concrete Masonry Structures Committee (P 4230) for the Standards Council 
established under the Standards Act 1988. 

The Committee consisted of representatives of the following: 

Building Industry Authority 

Cement & Concrete Association of New Zealand 

Co-opted Independent Chair 

Institution of Professional Engineers New Zealand 

Local Government New Zealand 

New Zealand Concrete IVlasonry Association 

University of Auckland 

ACKNOWLEDGEMENT 

The development of this revision was funded by the Building Industry 
Authority, Local Government New Zealand, the New Zealand Concrete 
IVlasonry Association and the Earthquake Commission. 

The contribution of time and expertise by the committee members is gratefully 
acknowledged. 

In particular, Dr Jason Ingham and MrKokChoon (KC) Voonof the Department 
ofCivil and Environmental Engineering at the University of Auckland provided 
valuable time and input into the development ofthe Standard. The doctoral 
research of Mr Voon contributed substantially to the updated approach to 
shear strength design. 

©COPYRIGHT 

The copyright of this document is the property ofthe Standards Council. No 
partof itmay be reproduced by photocopylngor by any other means without 
the priorwritten permission of the Chief Executive of Standards NewZealand, 
unless the circumstances are covered by Part III ofthe Copyright Act 1994. 

Standards New Zealand will vigorously defend the copyright in this Standard. 
Every person who breaches Standards New Zealand*s copyright may be 
liable to a fine not exceeding $50,000 or to imprisonment for a term not to 
exceed three months. If there has been a flagrant breach of copyright, 
Standards New Zealand may also seek additional damages from the infringing 
party, in addition to obtaining injunctive relief and an account of profits. 

Published by Standards New Zealand, the trading arm of the 
Standards Council, Private Bag 2439, Wellington 6140. 
Telephone: (04) 498 5990, Fax: (04) 498 5994. 
Website: www.standardsxo.nz 



AMENDMENTS 



No. 


Date of issue 


Description 


Entered by, 
and date 


1 


December 2006 


Brings NZS 4230 into line with AS/NZS 1 170 
Structural design actions, and 
NZS 1170.5:2004 Structural design actions - 
Earthquake actions. 


Incorporated in 
this edition. 



NZS 4230:2004 



NEW ZEALAND STANDARD 

DESIGN OF REINFORCED 
CONCRETE MASONRY 
STRUCTURES 



ISBN 1-86975-001-2 



NOTES 



NZS 4230:2004 



CONTENTS Page 

Committee representation IFC 

Acknowledgement IFC 

Copyright.... IFC 

Referenced documents 7 

Latest revisions 8 

Foreword 9 

Review of Standard 9 

Section 

1 General 11 

1.1 Scope..... 11 

1.2 Interpretation 11 

2 Definitions 13 

2.1 General 13 

3 Limit state design requirements and material properties 16 

3.1 Notation 16 

3.2 Scope 17 

3.3 General principles and requirements for 
construction 17 

3.4 Material and strength properties 19 

3.5 Limit state requirement for design 20 

3.6 General principles, assumptions, and requirements 

for analysis and design 24 

3.7 Principles and requirements for components 
designed for seismic loading 25 

4 Design for durability 31 

4.1 Scope 31 

4.2 Classification of sites into sea spray zones or 

corrosion zones 31 . ., 

I Amd 1 

4.3 Governing reinforcing cover requirements 35 | Dec. '06 

5 Design for fire resistance 36 

5.1 Notation 36 

5.2 Scope 36 

5.3 Design requirements 38 

5.4 Fire resistance ratings for walls 38 

5.5 Fire resistance ratings for beams 41 

5.6 Fire resistance ratings for columns 44 

5.7 Fire resistance ratings from fire tests 45 

5.8 Fire resistance rating by calculation 47 

5.9 Increase of fire resistance ratings by use of 
insulating materials 48 

6 Reinforcement 51 

6.1 Notation 51 

6.2 Scope 51 

6.3 General principles and requirements for all 
structures 52 

6.4 Principles and requirements additional to 6.3 for 
structures designed using a limited ductile or 

ductile seismic design philosophy 58 

Contents continued overleaf 



NZS 4230:2004 



7 Structural walls 60 

7.1 Notation 60 

7.2 Scope 61 

7.3 General principles and requirements for all 
structures 61 

7.4 Principles and requirements additional to 7.3 for 
structures designed using a limited ductile or 

ductile seismic design philosopliy 65 

8 Beams 73 

8.1 Notation 73 

8.2 Scope 74 

8.3 General principles and requirements for all 
structures 74 

8.4 Principles and requirements additional to 8.3 for 
structures designed using a limited ductile or 

ductile seismic design philosophy 81 

9 Columns 85 

9.1 Notation 85 

9.2 Scope 85 

9.3 General principles and requirements for all 
structures 86 

9.4 Principles and requirements additional to 9.3 for 
structures designed using a limited ductile or 

ductile seismic design philosophy 89 

1 Structural component design 92 

10.1 Notation 92 

10.2 Flexure with or without axial load 94 

10.3 Shear and torsion 96 

1 1 Beam-column joints 110 

11.1 Notation 110 

11.2 Scope 110 

1 1 .3 General principles and requirements for all 
structures 112 

1 1 .4 Principles and requirements additional to 1 1 .3 for 
joints in structures designed using a limited ductile 

or ductile seismic design philosophy 1 1 5 

12 Secondary structural elements 120 

12.1 Notation 120 

12.2 Scope 120 

12.3 General principles and requirements 120 

12.4 Secondary walls 121 

12.5 Frames with masonry in-fill 123 

12.6 Partitions 126 

Appendix 

A Prestressed masonry (Normative) 127 

B Determination of concrete masonry compressive 

strengths (Normative) 139 

C Bolted connections in masonry (Normative) 145 

D Partial fill requirements (Normative) 148 

E Specific design for small reinforced masonry 

buildings (Normative) 149 

F Masonry veneers (Informative) 151 



NZS 4230:2004 



Table 

3.1 Observation types, admissible use and design Arnd 1 
compressive strengtlns 18 Dec. '06 

3.2 Design parameters for various design pliiiosoplnies 26 

4.1 Masonry durability requirements 35 

5.1 Minimum wall thickness for fire resistance ratings for 
insulation 39 

5.2 Minimum cover to vertical reinforcement and tendons for 
stability of walls 40 

5.3 Stability requirements - Simply supported beams 41 

5.4 Stability requirements - Continuous beams 42 

6.1 Minimum diameters of bend for Class E steel bars to 
AS/NZS 4671 other than stirrup and tie bends 53 

6.2 Minimum diameters of bends for stirrups and ties for 

Class E steel bars to AS/NZS 4671 54 

8.1 Longitudinal reinforcement limits in a 

390 mm x 190 mm masonry lintel beam 77 ^^^ ^ 

10.1 Type dependent design strengths (MPa) 99 | Dec. '06 

A1 Maximum concrete masonry stresses and steel stress 

range for the design of sections at the serviceability 

limitstate 130 

01 Design strength in shear and tension for bolts | q^^ .Qg 

cast into reinforced masonry 146 

F1 Maximum height of unreinforced masonry veneers 

which are subject to specific design (m) 153 

Figure 

3.1 Shrinkage control joints 23 

4.1 Sea spray and corrosion zone map 32 

5.1 Standard furnace temperature-time curve 37 

5.2 Changes to moments in continuous beams during a fire ... 43 

5.3 Stability requirements - Columns 45 

5.4 Values of elastic modulus to be used in determining 

fire resistance rating by calculation 47 

5.5 Values of strength to be used in determining 

fire resistance rating by calculation 48 

6.1 Standard hooks 53 

7.1 Confining plates in potential plastic hinge regions 69 

7.2 Confining plate example showing /?", A^ and Pg 70 

8.1 Grout space dimensions 76 

9.1 Typical construction of masonry columns showing 

alternating courses 87 

10.1 Effective areas for shear 97 

10.2 Contribution of axial load to wall shear strength 100 

1 0.3 Anchorage of shear reinforcement in walls 101 

10.4 Examples of locations where shear friction should 

be checked 104 

1 0.5 Relationship between ductility and masonry 

shear resisting mechanism 107 

1 1 .1 Masonry interior beam column joints 1 1 1 

Contents continued overleaf 



NZS 4230:2004 



1 2.1 Subdivision of walls into primary and secondary 

systems 122 

1 2.2 Equivalent diagonal bracing action of masonry in-fill 1 24 

12.3 Ductility of in-fill frame based on maximum storey 

ductility of jn^ = % = 2.0 1 25 

CI Typical bolt detail 147 

C2 Edge distance requirements 1 47 



NZS 4230:2004 



REFERENCED DOCUMENTS 



NEW ZEALAND STANDARDS 



NZMP 9:1989 Fire properties of building materials and 

elements of structure 
NZS 1170.5:2004 Structural design actlons:Part 5;Earthquake 

actions - New Zealand 
NZS 3101 .1& 2:2006 Concrete structures Standard 
NZS 31 09:1 997 Concrete construction 

NZS 3112: Methods of test for concrete 

Part 2:1 986 Tests relating to the determination of strength 

of concrete 

Timber framed buildings 



Amd1 
Dec. '06 



NZS 3604:1999 

NZS 421 0:2001 
NZS 4229:1999 



Amdl 
Dec. '06 



Masonry construction - Materials and 

workmanship 

Concrete masonry buildings not requiring 

specific engineering design 



JOINT AUSTRALIAN/NEW ZEALAND STANDARDS 



AS/NZS1170: 

Part 0:2002 
Part 1 :2002 

Part 2:2002 
Part 3:2003 

AS/NZS 1554: 

Part 3:2002 

AS/NZS 2699: 

Part 1 :2000 
Part 2:2000 

AS/NZS 4455:1997 

AS/NZS 4456:2003 

AS/NZS 4671:2001 
AS/NZS 4680:1 999 



Structural design actions 

General principles 

Structuraldesign actions-Permanent, imposed 

and other actions 

Structural design actions - Wind actions 

Structural design actions-Snow and ice actions 

Structural steel welding 

Welding of reinforcing steel 

Built-in components for masonry construction 

Wall ties 

Connectors and accessories 

Masonry units and segmental pavers 

Masonry units, segmental pavers and flags - 

Methods of test 

Steel reinforcing materials 

Hot-dip galvanized (zinc) coatings on fabricated 

ferrous articles 



Amdl 
Dec. '06 



AUSTRALIAN STANDARDS 



AS 1530: 

Part 4:1997 

AS 3600:2001 
AS 3700:2001 



Methods for fire tests on building materials, 

components and structures 

Fire-resistance tests of elements of building 

construction 

Concrete structures 

Masonry structures 



NZS 4230:2004 



BRITISH STANDARDS 

BS 476: Fire tests on building materials and structures 

Part 20:1 987 Method for determination of the fire resistance of 

elements of construction (general principles) 
Part 21 :1 987 Methods for determination of the fire resistance of 

loadbearing elements of construction 
Part 22:1 987 Methods for determination of the fire resistance of 

non-loadbearing elements of construction 

BS 5628: Code of practice for use of masonry 

Part 2:2000 Structural use of reinforced and prestressed 

masonry 
BS EN 1 0088: Stainless steels 

Part 1:1995 List of stainless steels 

AMERICAN STANDARDS 

ACI 31 8-2002 Building code requirements for structural concrete 

ASTM A370-03a Standard test methods and definitions for 

mechanical testing of steel products 
ASTM A416M-02 Standard specification for steel strand, uncoated 

seven-wire for prestressed concrete 
ASTM A421 M-02 Standard specificationfor uncoated stress-relieved 

steel wire for prestressed concrete 
ASTM El 11-97 Standard test method forYoung's modulus, tangent 

modulus, and chord modulus 

OTHER STANDARDS 

ISO/CD 15835 Steelforthe reinforcement of concrete-Mechanical 

splices for bars 

OTHER PUBLICATIONS 

D^"^'06 I Department of Building and Housing 

The New Zealand Building Code (NZBC) 
Building Research Association of New Zealand 

Technical Recommendation No. 8: Method of fire 
engineering design of structural concrete beams 
and floor systems, 1 991 



LATEST REVISIONS 

Users of this Standard should ensure that their copies of the above- 
mentioned New Zealand Standards and referenced overseas Standards 
are the latest revisions or include the latest amendments. Such 
amendments are listed in the annual Standards New Zealand Catalogue 
which is supplemented by lists contained in the monthly magazine 
Standards Update issued free of charge to committee and subscribing 
members of Standards New Zealand. 



NZS 4230:2004 



FOREWORD 

Previous editions of this Standard have accommodated the generic 
composition of masonry. However this latest document recognizes the 
predominantuseofreinforcedconcrete masonry for structural applications 
in NewZealand, and incorporates research findings specifically pertaining 
to the performance of reinforced and prestressed concrete masonry. 

The content of this Standard, as with many other New Zealand Standards, 
is largely dictated by seismic considerations and is intended to provide 
satisfactory structural pe rformance for concrete masonry structuresduring 
a major earthquake. There are minimum reinforcing requirements for 
different structural systems. 

The basic design principles for reinforced concrete masonry are the same 
as for concrete and it is assumed that users of this Standard will have 
knowledge of reinforced concrete design. 

This Standard allows for reinforced concrete masonry design within the 
limits of current knowledge, consistent with its known behaviour and 
possible seismic demands. 

Although it is envisaged that a large amount of masonry will be designed 
using Observation Type B and requiring limited ductility, there is provision 
for ductile structures and higher grades of masonry where it is considered 
that additional detailing and supervision are warranted. This does permit 
a more economical structure to result from increased engineering input. 

This document has been prepared on the basis of using the loading 
standard AS/NZS 1170. 



Review of Standard 

Suggestions for improvement of this Standard will be welcomed. They 
should be sent to the Chief Executive, Standards New Zealand, Private 
Bag 2439, Wellington. 
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NEW ZEALAND STANDARD 

DESIGN OF REINFORCED CONCRETE MASONRY 
STRUCTURES 

1 GENERAL 

1,1 Scope 

This New Zealand Standard specifies minimum requirements for the specific design of reinforced 
concrete masonry structures. It is also applicable to the design of parts of other buildings, which are 
constructed of reinforced concrete masonry and also for the use of prestressed concrete masonry in 
accordance with the limit state design method. 
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1 .2 Interpretation 

This Standard is intended for citation in Verification Method B1 /VMI of the Approved Documents for the 
New Zealand Building Code (NZBC) B1 "Structure". This Standard, however, is not a means of 
compliance with the NZBC by itself and must be used in conjunction with the loadings Standard 
AS/NZS 1 1 70. Further, the use of the Standard is contingent on additional approvals being granted in 
respect of the engineering judgement made in the application of the Standard. 

The terms "Normative" and "Informative" have been used in this Standard to define the application of the 
Appendix to which they apply. A "Normative" Appendix is an integral part of a Standard, whereas an 
"Informative" Appendix is only for information and guidance. Informative provisions do not form part of 
the mandatory requirements of the Standard. 
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1.2.1 Interpretation of "shall" and "should" 

In this Standard the word "shall" identifies a mandatory requirement for compliance with the Standard. 
The word "should" refers to practices which are advised or recommended. 

1 .2.2 Indication of commentary clauses 

Clauses prefixed by "C", printed in italic type and shaded, are intended as comments on the 
corresponding mandatory clauses. They are not to be taken as the only or complete interpretation of 
the corresponding clause nor should they be used for determining in any way the mandatory 
requirements of compliance within this Standard. The Standard can be complied with if the comment is 
ignored. 

1 .2.3 Full titles in referenced document section 

The full titles of reference documents cited in this Standard are given in the list of Referenced Documents 
immediately preceding the Foreword. 

1.2.4 Non-specific requirements 

Where this Standard has non-specific requirements such as the words "suitable", "adequate", "acceptable" 
Amd 1 ^^ ^^^^^ similar qualifiers like "as far as is reasonably practicable" then the method described shall be to 
Dec. '06 I the satisfaction of the territorial authority or building consent authority. 

Also in this Standard, where reference is made to "the manufacturer's recommendations or instructions" 
y^^jj -, or similar, these are outside the scope of this Standard and shall be to the satisfaction of the territorial 
Dec. '06 I authority or building consent authority. 
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Where this Standard requires special study then this is outside the scope of this Standard and shall be 
Dec. "06 I ^0 the satisfaction of the territorial authority or building consent authority. 
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2 DEFINITIONS 

2.1 General 

For the purpose of this Standard the following definitions shall apply: 

ACTION. Set of concentrated or distributed forces acting on a structure (direct action), or deformation 
imposed on a structure or constrained within it (indirect action). The term "load" is also often used to I ^^^ ^ 
describe direct actions, 

BEAM. An element subjected primarily to loads producing flexure. 

BOND 

BOND - RUNNING OR STRETCHER. The unit set out when the units of each course overlap the 
units in the preceding course by between 25 % and 75 % of the length of the units. 

BOND - STACK. The unit set out when the units of each course do not overlap the units of the 
preceding course by the amount specified for running or stretcher bond. 

BUNDLES. Groups of parallel reinforcing bars bundled in contact, assumed to act as a unit, not more 
than two in any one bundle. 

CAPACITY DESIGN. In the capacity design of earthquake resistant structures, elements of the primary 
lateral load resisting system are chosen and suitably designed and detailed for energy dissipation under 
severe deformations. All other structural elements are then provided with sufficient strength so that the 
chosen means of energy dissipation can be maintained. 

CELL. A hole through or along a masonry unit in the plane of the wall where the least dimension of the 
hole exceeds one third of the width of the unit. 

COLUMN. An element not longer than 790 mm having a minimum width of 240 mm subjected primarily 
to compressive axial load. 

CONSTRUCTION OBSERVATION. Site inspections of typical sections of the work made from time to 
time with the object of deciding whether or not the work in place is constructed generally in accordance 
with the intent of the plans and specifications. 

CONSTRUCTION SUPERVISION. More detailed examination of particular sections of the work than can 
be provided by the inspections made in the course of construction observation. This may require 
particular or continuous inspections as may be appropriate to decide whether or not the work in place is 
in accordance with the intent of the plans and specifications. 

COVER. Distance from the nominal face of a reinforcing bar to the adjacent outside face of the masonry 
unit. 

DESIGN ENGINEER. Any person who, on the basis of experience or qualifications, is competent to 
design structural elements of the structure under consideration to safely resist the design actions likely 
to be imposed on the structure. 

DIMENSION. When used alone to describe masonry units means nominal dimension. 

DUCTILITY. The ability of a structure to sustain its load carrying capacity and dissipate energy when it 
is subjected to cyclic inelastic displacements during an earthquake. 
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FACE-SHELLS. Those parts of a hollow unit which are connected by webs and which are normally laid 
in the plane of the wall. 

^^^ ^ FLUE. An enclosed continuous horizontal or vertical space in a masonry element formed by the cells of 
Dec '06 the masonry units which make up that member. 

GALVANIZED. Hot-dip galvanized as specified in AS/NZS 4680. 

GROSS AREA. The total cross-sectional area of a section through an element bounded by its external 
perimeter faces without reduction for the area of cells and re-entrant spaces. 

GROUT. The material used to fill cells, grout spaces, or cavities in masonry. 

GROUT SPACE. An enclosed continuous horizontal or vertical space in a masonry element formed by 
the cells of the masonry units which make up that component. 

HOLLOW MASONRY UNIT. Unit with cores, intended to be laid with its cores vertical and with face-shell- 
bedded joints. 

IN-FILL PANEL. A wall which is framed on four sides by beams and columns and contributes to shear 
resistance in the plane of the frame, but which is not designed to resist vertical loads other than its own 
weight. 

IN-JOINT REINFORCEMENT. Steel wire/s system which has been hot-dip galvanized after fabrication 
and is to be embedded into a horizontal fresh mortar joint. 

LOAD. See Action. 

MASON. A person who, on the basis of qualification, training or experience, is competent to lay masonry 
in accordance with this Standard. 

REGISTERED MASON. A mason who is accepted for registration by the New Zealand Masonry 
Trades Registration Board and is the holder of a current registration certificate. 

MASONRY. Any construction in units of concrete, laid to a bond, and joined together with mortar. 

MASONRY UN IT. A preformed component intended for use in reinforced concrete masonry construction 
with cells laid in the vertical direction and with face-shell-bedded joints. 

MORTAR. The cement/sand mix in which masonry units are bedded. 

NET AREA. The gross cross-sectional area less the area of ungrouted cells and re-entrant spaces. 

PARTITION. A non-loadbearing wall which is separated so as not to be part of the seismic resisting 
structure. 

PILASTER. A vertical column formed integrally with a wall. It is an element subjected primarily to bending 
loads. 

POTENTIAL PLASTIC HINGE REGION. Region in a component as defined in this Standard where 
significant rotations due to inelastic strains can develop under flexural actions. 

PRIMARY ELEMENT. An element which is relied on as part of the seismic system. 

REINFORCED MASONRY. Masonry which is reinforced to the minimum requirements of this Standard 
and grouted so that the two materials act together in resisting forces. 

14 
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SECONDARY ELEMENT. An element which is not relied on as part of the selsnnic systenn but which 
may carry gravity or face loads or both in addition to its own weight, and meets the requirements of 
section 12. 

SEISMIC SYSTEM. That portion of the structure which is considered to provide the earthquake 
resistance to the entire structure. 

SPECIAL STUDY. A procedure for justifying departure from this Standard or for determining information 
not covered by this Standard. Special studies are outside the scope of this Standard. 

STAINLESS STEEL. Describes austenitic stainless steel of grades 1 .4301 , 1 .4436 or 1 .4429 (formerly 
known as 302, 304, or 316) in the British Standard designation system as specified in BS EN 10088: 
Parti). 

STIRRUP. Reinforcement used to resist shear and torsion in a structural component, consisting of L-, 
U- or rectangular shapes and located perpendicular to, or at an angle to longitudinal reinforcement. 

STRENGTH 

STRENGTH, DESIGN. The nominal strength multiplied by the appropriate strength reduction factor. 

STRENGTH, LOWER CHARACTERISTIC YIELD, (of steel). The value of yield strength belowwhich 
not more than 5 % of production tests in each size falls. 

STRENGTH, NOMINAL. The theoretical strength of a component section, calculated using the 
section dimensions as detailed and the theoretical characteristic material strengths as defined in this 
Standard. 

STRENGTH, OVER. The overstrength of a section takes into account all possible factors that may 
contribute to strength, such as higher than specified strengths of steel and masonry, steel strain 
hardening, and additional steel placed for construction and which may not have been accounted for 
in calculations. 

STRENGTH, REQUIRED. The strength of a component section required to resist combinations of 
actions for ultimate limit states as specified in AS/NZS 1 170: Part 0. 

STRENGTH, SPECIFIED COMPRESSIVE, (of masonry). A singular value of strength normally at 
age 28 days as determined in Appendix B unless stated otherwise, denoted by the symbol f^ which 
classifies masonry as to its strength class for purposes of design and construction. 

STRUCTURAL. A term used to denote an element or elements which are required to provide resistance 
Dec xie to actions Imposed on the building. 

TIE REINFORCEMENT. Tie means reinforcement used in a confining or lateral restraint role usually in 
the shape of a hoop, square, rectangle, or cross tie or link, located perpendicular to, or at an angle to the 
longitudinal reinforcement. Ties may also be used to resist shear and torsion in a structural component. 

WALL. A vertical element, which because of its position and shape contributes to the rigidity and strength 
of a structure. 
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3 LIMIT STATE DESIGN REQUIREMENTS AND MATERIAL PROPERTIES 

3.1 Notation 

c Depth of neutral axis from the compression edge of the section, mm 

d Distance from extreme compression fibre to centroid of tension reinforcement, mm 

E^ Modulus of elasticity of masonry, MPa 

Eg Modulus of elasticity of reinforcement, MPa 

L Reinforcement yield strength, MPa 

f^ Specified compressive strength of masonry, MPa 

/U* Design moment for component resulting from earthquake loading, specified in AS/NZS 1 1 70, Nm 

Mq Design moment for component resulting from gravity loading, specified in AS/NZS 1 170, Nm 

M^ Nominal flexural strength of section, Nm 

./ Design moment for component resulting from live loading, specified in AS/NZS 1 1 70, Nm 

S* Ultimate limit state design actions, specified in AS/NZS 1170 

S^ Nominal strength of component for given design action 

Sp Structural performance factor 

T^ Fundamental period of the building 

V* Design shear for component resulting from earthquake loading, specified in AS/NZS 1 1 70, N 

Vq Design shear for component resulting from gravity loading, specified in AS/NZS 1 170, N 

V^ Nominal shear strength of section, N 

\/q^ Design shear for component resulting from live loading, specified in AS/NZS 1 1 70, N 

^u Ultimate compression strain of masonry 

(j) Strength reduction factor 

iu Structural ductility factor, specified in AS/NZS 1 1 70 







16 



NZS 4230:2004 



3.2 Scope 

Provisionsofthissectionapplytothegeneral design and construction of masonry structures. Requirements 
for different observation types of masonry, methods of design loading arrangements, and assumptions 
for analysis shall be as specified in this section. Detailed requirements for design shall be in accordance 
with subsequent sections of this Standard. 

3.3 General principles and requirements for construction 

3.3.1 General 

3.3.1 .1 Requirements for masonry units 
All masonry units shall: 

(a) Comply with AS/NZS 4455 and strength requirements of NZS 421 0; 

(b) Be tested in accordance with AS/NZS 4456; 

(c) Be of such type and arrangement that will be conducive to complete filling of all the grouted cells. 

3.3.1.2 Construction requirements 
Construction shall conform with NZS 4210. 

3.3.2 Masonry types 

3.3.2.1 Observation types 

Masonry shall be classified into observation types constructed and supervised in accordance with the 

requirements of table 3.1 . 
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Table 3.1 - Observation types, admissible use and design compressive strengths 



Observation 
type 


Observation requirement 


Admissible use 


Maximum 

specified 

compressive 

strength of 

masonry 

(MPa) 


C 


May be built without construction 
observation by a design engineer or a 
nominated representative thereof. 


• Elastic and nominally 
ductile structures. 

• Face loaded walls 
designed for limited 
ductility. 


4 


B 


Shall be inspected by a design 
engineer or by a nominated 
representative thereof, who may be a 
mason deemed to comply with the 
competency requirements of NZS 4210. 
Such inspection shall establish that the 
design is being interpreted correctly 
and that the work is being carried out 
generally as specified. 


Elastic, nominally ductile, 
limited ductile or ductile 
structures. 


12 


A 


In addition to the inspection required 
of Type B, Type A observation of 
masonry shall require construction 
supervision at all critical stages by 
a person approved by a design 
engineer, having appropriate 
knowledge/experience of correct 
masonry trade practices and 
reporting to a design engineer, 
such as to ensure that the 
standards of materials and 
workmanship applying on the job 
are of a consistently high quality 
commensurate with the 
achievement of superior strengths. 

Masonry shall be constructed using 
a mason deemed to comply with the 
competency requirements of NZS 4210. 


Elastic, nominally ductile, 
limited ductile or ductile 
structures. 


>12 
A higher design 
/^ may be used 
if substantiated 
by testing in 
accordance 
with Appendix B. 



Amd1 
Dec. '06 
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■^ All masonry ^^ 
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3.3.3 Identification of types of obsen/ation 

The design engineer sliall identify on tine drawings or in tine specification tlie observation requirements 
of all the masonry elements. Where more than one type is used In one structure the parts to which the 
respective type apply shall be clearly identified on the drawings. 

3.4 Material and strength properties 

3.4.1 Masonry strengths 

Dec Tie I Observation type-dependent design compressive strengths for compression, f^, shall be in accordance 
with the values given in table 3.1 . 
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3.4.2 Modulus of elasticity of masonry 

The modulus of elasticity, E^, shall be taken as 15 000 MPa for all masonry structures. 

3.4.3 Ultimate compressive strain for unconfined masonry 

For unconfined masonry, the available ductility shall be based on an ultimate compression strain of 
£u = 0.003. 

3.4.4 Modulus of elasticity of reinforcement 

The modulus of elasticity, Eg, of non-prestressed steel reinforcement shall be taken as 200 000 MPa. 

3.4.5 Reinforcement strength 

Design shall be based on a lower characteristic yield strength for non-prestressed reinforcing steel, fy, 
not in excess of 500 MPa. 
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3.4.6 Modulus of elasticity of prestressing tendons 

The modulus of elasticity, E^, of prestressing tendons shall be determined by tests to ASTM A370-03a 
Annex A7 to comply with ASTM E1 11 -97. 

3.4.7 Strength reduction factors, (p 

Strength reduction factors, <p, shall be as follows: 

Flexure with or without axial tension or compression 0.85 

Axial tension 0.85 

Bearing on masonry 0.65 

Shear and shear friction 0.75 

Design for fire exposure 1 .0 



Dec '06 Strut and tie models 0.75 

However, when the design moments, axial loads, or shear forces for a section are derived from 
overstrengths of adjacent components or sections, in accordance with capacity design principles, a 
strength reduction factor oi <p='\ shall be adopted. 

3.5 Limit state requirement for design 

3.5.1 General 

The structure and its components shall be designed to satisfy the requirements of this Standard for 
Dec '06 I stiffness, strength and ductility. The relevant combinations of actions specified for each of the 
serviceability and ultimate limit states in AS/NZS 1 170 shall be used for design in accordance with this 
Standard. 

3.5.2 Serviceability limit state 

3.5.2.1 General 

The structure and its components shall be designed for the serviceability limit state by limiting deflection, 
cracking and vibration in accordance with the relevant requirements of this Standard and to the 
serviceability requirements of AS/NZS 1 170. 

3.5.2.2 Stiffness 

Components shall be designed to have adequate stiffness to limit deflections or any deformations which 
may adversely affect the serviceability of the structure. 

-^ C3 '5'2-2'-^^^^''^^ ■ --'^r^-^^y^^-'^'^^^^^^^ r^iM^^-'--' --r^^^^ '■^'M-y:-\^7^mi.--' '::^0;p'^■h■■^■^^$mf■ .<":■-■::-■'■' ./;s^^^- .--.^^^^^-.^ 

Dec'06 ---"■ " - 




3.5.2.3 Seismic actions 

Assessment of structural deflections for the serviceability limit state involving seismic forces shall make 
due allowance for anticipated levels of masonry cracking. For the serviceability limit state, deflections 

p^^^ ^ shall be calculated using a structural performance factor, S^, of 0.7 in the determination of the applied 

Dec'06 actions. 

3.5.2.4 Cracliing 

Cracking of masonry at the serviceability limit state shall be limited so that the durability of the structure 
is not adversely affected having regard to the requirements of the particular structure. 



Where :isTlimited inMmMdn;sfB&ficall0relkt^d0M^ Wotf:isWi^ir)forceoWncrefeS 
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3.5.2.5 Vibration 

Appropriate measures shall be taken to evaluate and limit where necessary the effects of potential 
Dec '06 I vibration from wind actions, machinery and vehicular or pedestrian traffic movements on the structure, 
occupants and contents. 

3-5.2.6 Shrinl<age and shrinl<age/thermal control joints 

Where it is deemed necessary to make specific provision for shrinkage and control joints in a concrete 
masonry structure in order to accommodate the effects of drying shrinkage and/or thermal movements, 
the design engineer shall provide appropriate details as to the nature and location of such control joints. 
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3.5.2-7 Durability 

Masonry shall be designed to comply with the provisions of section 4 of this Standard. 

3,5.3 Ultimate limit state requirements 

3.5.3.1 Design for strength 

Structures and structural components shall be designed for strength as follows: 

Dec '06 I (^) '^^^ ultimate limit state design action, S*, shall be determined from the governing ultimate limit state 
combinations specified in AS/NZS 1 1 70; 

(b) The design strength of a component or cross-section at the ultimate limit state shall be taken as the 
nominal strength, S^, for the relevant action calculated in accordance with the requirements and 
assumptions of this Standard, multiplied by the applicable strength reduction factor, 0, specified in 

3.4.7; 

(c) The component shall be proportioned so that the design strength is not less than the design action, 
in accordance with the following relationship: 

(^S^^^ (Eq. 3-1) 

where Sis replaced in Eq. 3-1 by the actions of moment, axial force, shear or torsion as appropriate. 

3.5.3.2 Design for stability 

For ultimate limit state load combinations not involving earthquake, the structure as a whole and its 
components shall be designed to prevent instability due to overturning, sliding or uplift in accordance with 
AS/NZS 1170. 
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3.5.3.3 Design for fire resistance 

The fire resistance of concrete masonry construction shall comply with section 5 of this Standard, 

3.5.3.4 Seismic actions - ultimate limit state 

The ultimate limit state inter-storey deflection determined in accordance with NZS 1170.5 shall not 
exceed 2.5 % of the corresponding storey height. 

3.5.4 Use of test data 

Use of test data to satisfy the requirements of limit state design may be based on Appendix B of 

AS/NZS 1170.0. Use of data in this way is not part of the verification method for the Building Code. 

3.6 General principles, assumptions, and requirements for analysis and design 
3.6.1 Assumptions and metiiods of analysis 

3.6.1.1 Design action effects 

All components of frames or continuous construction shall be designed for the maximum design action 
effects as determined by the theory of elastic analysis, except as modified in accordance with 3. 6. 1.5. The 
redistribution of moments permitted in 3,6. 1 .5 shall not be applied to the approximate moments of 3.6. 1 .2. 

3.6.1 .2 Design of continuous beams using approximate actions 

Approximate moments and shears may be used in design of continuous beams in accordance with the 
provisions of NZS 3101. 

3.6.1.3 Stiffness 

The following general requirements apply to stiffness: 

(a) Calculation of the flexural, shear, and torsional stiffness of structural components shall be based on 
recognized engineering principles. Assumptions shall be consistent throughout analysis; 

(b) The effect of stiff panel zones at the intersection of deep components and haunches shall be 
considered both in determining bending moments and in design of components. 

3.6.1 .4 l\/loment of inertia for T-beams and flanged sfiear walls 

In computing the effective moment of inertia of cracked sections, the effective width of the overhanging 
parts of flanged components shall be one half of that given in 3.6.1 .7. 

3.6.1 .5 Moment redistribution 

Redistribution of the design moments obtained by elastic analysis may be carried out for non-prestressed 
concrete masonry components subjected to flexure in accordance with all the following provisions: 

(a) Equilibrium between the internal forces and the external loads must be maintained under each 



Dec '06 I appropriate combination of factored actions; 

(b) The dependable strength after redistribution, provided at any section of a component, shall not be 
less than 70 % of the moment for that section obtained from an elastic moments envelope covering 
Dec '06 I ^" appropriate combinations of unfactored actions; 
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(c) The elastic moment at any section in a component due to a particular combination of design actions 
shall not be reduced by more than 15 % of the numerically largest moment given anywhere by the 
elastic moments envelope for that component, covering all combinations of design actions; 

(d) The neutral axis depth, c, of a section resisting a reduced moment due to moment redistribution shall 
not be greater than: 

C = 0.25d (Eq. 3-2); 

(e) The consequences of redistribution assumed at the ultimate limit state shall be assessed for the 
serviceability limit state. 
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3.6.1.6 Span lengths 

For the purpose of calculating moments, shears, deflections, or stiffnesses the following span lengths 

shall be used: 

(a) Span length of components not built integrally with supports shall be considered to be the clear span 
plus depth of component but need not exceed the distance between centres of supports; 

(b) In analysis of frames or continuous construction for determination of moments, the span length shall 
be taken as the distance centre-to-centre of supports; 

(c) For beams built integrally with supports, moments at faces of support shall be used for design. 

3-6.1,7 Effective widths for T-beam and flanged shear walls 

In T-beam construction, and in flanged shear walls, the flange and web shall be built integrally unless 

shown by a special study to be otherwise effectively bonded together, and the following shall apply: 

(a) The effective width of a flange resisting action due to flexure shall not exceed one quarter of the span 
length of the beam or one third of the height of the shear wall, whichever is appropriate, and the 
effective overhanging flange width on each side of the web shall not exceed: 

(i) Eight times the flange thickness; nor 

(ii) Half the clear distance to the next web. 

(b) For beams or shear walls with a flange on one side only, the effective overhanging slab width 
considered in flexural resistance shall not exceed: 

(i) One twelfth the span length of the beam, or one ninth of the heightof the shear wall, whichever 
is appropriate; nor 

(ii) Six times the slab thickness; nor 

(iii) Half the clear distance to the next web. 

(c) Isolated beams, in which the T-shape is used to provide a flange for additional compression area, 
shall have a flange thickness not less than one half the width of the web and an effective flange width 
not more than four times the width of the web. In such beams transverse reinforcement placed 
perpendicularly to the beam shall be provided so as to: 

Amd 1 I (i) Carry the design action on the overhanging slab width assumed to act as a cantilever; 

Dec '06 I 

(ii) Act as shear reinforcement when necessary to ensure flange action; 

(iii) Be placed not further apart than five times the slab thickness, nor 450 mm. 

Amd 1 ^'^'^ "^ Structurally irregular buildings 
Dec '06 structurally irregular buildings are as defined in NZS 1 1 70.5. 

3.7 Principles and requirements for components designed for seismic loading 

3.7.1 Assumptions and methods of analysis and design 

3.7.1.1 Design philosophies 

To provide appropriate resistance for the combination of gravity and seismic loads specified by 
AS/NZS 1 1 70, design methods and design parameters shall be used which are applicable to the design 
philosophy as summarized in table 3.2. 
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Table 3.2 - Design parameters for various design philosophies 



Design 


Seismic 


Structural 


Structural 


Required grouting 


Method of design 


philosophy 


performance 


ductility 
factor, ju 


performance 
factor, Sp 






Elastic 


Potential to form 


1.0 


1.0 


Solid filled or partially 


Design exempt from 


structures 


soft stories or brittle 
failure modes 






filled acceptable 


additional seismic 
requirements. Design shall 
be in accordance with 3.7.2 


Nominally 


Design to avoid soft 


1.25 


0.9 


Solid filled or partially 


Design exempt from 


ductile 


stories or brittle 






filled acceptable 


additional seismic 


structures 


failure modes 








requirements. Design shall 
be in accordance with 3.7.2 


Limited 


Limited dissipation of 


2 


0.7 


Solid filled in potential 


Design procedures as 


ductile 


energy by flexural 






plastic hinge regions. 


outlined in 3.7.3 or capacity 


structures 


yielding in specified 
locations 






Other regions may be 
solid or partially filled 


design as defined in section 2 


Ductile 


Dissipation of energy 


4 


0.7 


Solid filled 


Design procedures as 


structures 


by ductile flexural 
yielding in specified 
locations 








outlined in 3.7.4 including 
capacity design as defined 
in section 2 



NOTE - The Sp is for the ultimate limit state condition and for the serviceability condition. See 3.5.2.3. 



W3i:7:i:t 






;.^ii:-r- 



; Wgr liMieddUctile^hd^^^ stmSiures, "tlieiSBsign mUst b^a§^d pnthe^Msum^ton that u/^r| 
Mcom0etel0tenMljDlasiichih0^^ the siructur^tha lateral earifm must bed 




sMctuB^in table 3:2 hasflDee^ that the seWicBabilitylimitMatedes^^ note 

'iexceeic&ieMimaMfmii^s^^ 



3.7.1 .2 Interaction of structural and non-structural elements 

The interaction of prinnary and secondary structural elennents, which due to seisnnic displacennents nnay 
affect structural response or the perfornnance of non-structural elennents, shall be considered in the 
design. Requirements for design of secondary structural elements are given in section 12. 

Consequences of failure of elements that are not part of the intended primary system for resisting seismic 
actions shall be considered. 
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3-7.1 .3 Design of floors and roofs 

Floor and roof systems in buildings shall be designed to act as horizontal structural elements, where 

required, to transfer seismic actions to frames or structural walls. 
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3.7.1 .4 Use of structural ductility factor in equations 

In the derivation of the lateral seismic loading to be considered with the appropriate gravity load, the 
structural ductility factor, ^ specified in table 3.2 shall be used. The same structural ductility factor, ^, shall 
be substituted in all relevant equations of the additional seismic requirements of this Standard. 
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3.7.1.5 Design for concurrency 

The effects of concurrency in two-way horizontal force resisting systems in elastic and nominally ductile 
structures shall be accommodated in accordance with 5.3.1 .2 of NZS 11 70.5. Ductile structures designed 
using capacity design principles in accordance with 3.7.4 shall be designed for concurrency in accordance 
with 2.6.5-8 of NZS 3101. 



3.7.1.6 Strength reduction factors 

Dec '06 I '"^ determining the design strengths for components designed for the maximum effects of static loads 
determined by elastic analysis, or for effects derived from dynamic analysis as permitted by 
AS/NZS 1 170, the strength reduction factors specified in 3.4.7 shall be used. 

3.7.1 .7 Potential plastic fiinges assumed to form in ductile and limited ductile structures 
Structures classified as limited ductile or ductile frames composed of beams and columns with or without 
shear walls, and also cantilever or coupled shear walls, shall be assumed to be forced into lateral 
deformations sufficient to create potential plastic hinges by actions of a severe earthquake. 

3.7.1.8 Effects of cracl<ing on stiffness 

For the purpose of estimating periods of vibration and structural deformations, to comply with requirements 
of AS/NZS 1 1 70, allowances shall be made for the effects of: 

(a) Cracking on the stiffness of various structural components; 

(b) Stiffness or deformations of shear walls and other deep components when considering shear 
distortions, and distortions of anchorages and foundations. 



§f0prgui(Mnce on section pro -; 

3.7.1.9 Structures outside tfiose covered in tfiis Standard 
I Structural systems and design methods other than those covered in this Standard shall be the subject 
Dec '06 I of a special study as defined in Appendix A of AS/NZS 1 1 70.0. 

3.7.2 Elastic and nominally ductile responding structure 

Structures which are expected to respond elastically or in a nominally ductile manner to large earthquake 
motions, in accordance with table 3.2, are exempt from the additional seismic requirements of all relevant 
sections of this Standard, provided that the earthquake design load used is that specified for these types 
of structures by NZS 1 170.5. For such structures, strength design procedures in accordance with the 
general principles and requirements of the relevant sections of this Standard shall be used. 

3.7.3 Limited ductile structures 

3.7.3.1 General 

In limited ductile structures, the system as a whole or the primary lateral load resisting components are 
not considered to be capable of sustaining the inelastic displacements that are expected in ductile 
structures, without significant loss of strength or reduction in energy dissipating capacity. Therefore the 
design of such structures is in accordance with table 3.2 provided that: 

(a) Structural ductility factor, ^, as defined in table 3.2 shall be used to derive the total design earthquake 
load to the requirements of AS/NZS 1 1 70; 

(b) Appropriate detailing of potential piastic hinge regions, in accordance with limitations imposed for this 
structure, shall be adopted to ensure that the reduced ductility demands can be met; 

(c) The design forces and detailing requirement shall conform with either 3.7.3.2 or 3.7.3.3. 
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3-7.3.2 Design using a capacity design approach 
For a capacity design approach: 

(a) No height restrictions apply to structures designed to this design method; 

(b) Design forces shall be calculated using a capacity design approach as specified in 3.7.4. 

3.7.3.3 Design using a simplified capacity design approach 

When using a simplified capacity design approach the following shall be considered: 

Amd 1 I (a) Structures designed using this design philosophy shall be wall structures not exceeding three storeys 
Dec '06 I Qjf fQur storeys with a light roof as defined in NZS 4229. The maximum storey height shall be 3.6m. 

(b) Design for concurrent earthquake effects from loading in two principal directions is not required for 
structural components designed to meet the requirements of this clause; 
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(c) Design flexural strength outside the designated plastic hinge region shall be such that: 

0/Wn ^ /Wq + /Wq, + 1.5/We • (^^' ^"^) 

Dec '06 I (^) Design shear strength shall have a suitable margin over the required flexural strengths, such that: 

014, > \^ + Vb^ + 214 (Eq. 3-4) 

(e) Design shall be in accordance with the additional principles and requirements for structures designed 
using a limited ductile design philosophy provided in relevant sections of this Standard; 
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(f) The structure shall be classified as regular using the definitions provided in NZS 1170.5. 

3.7.4 Ductile structures 

3.7.4.1 Capacity design 

Wherever the requirements of a capacity design procedure apply, the maximum component actions to 
be expected during large structural deformations shall be based on the flexural overstrength of the 
potential plastic hinges. However no component is required to be designed to resist forces greater 
than those corresponding to the use of a structural ductility factor of 1.0 and structural performance 
factor, Sp, of 0.7. 

wBefi comjSohehtsMre designed on the basisMMadcoi%lr^ iriclUdeeariJMjal^Mct^ 

^considerBiohisgimrito thMvaximumlikBly scions that dduld^erde^loavri the sec^io^ 
\? flexural. overstrengths at- pdtehtMplastic hinges or from ah adjacent coriipdhent or:cdmpbnehts:0t^or 



:^thi$exfireiiieldadiiigc invariouspartsv0tie : i 

mtructure^are tdbeexp0cteo/^^daitidhalfeser\i^lstreM^ not^onsideremcybehebessatyMherefote t 
mhe hbmihial:sfrerijgth:pfMorn^ 




mBebatMihndstimgisdffi^ 

WeompressiontstramofhQWQd:^^^ 

'^:zone:of!flexural::components asm^means^^for tnsuring aaequate:auctility;j;have^beBn based on-them 

WassijrrfptmhmfWSfedistfibu^^ 

mdditiQriatMc^ilit& from ibewalue:^ 
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3.7.4.2 Calculation of flexural overstrength 

The flexural overstrength in a potential plastic hinge shall be calculated allowing for strain hardening and 
material variation of the reinforcement provided. Unless a special study is conducted, the overstrength 
of reinforcement shall be: 

(a) 1 .25 fy for grade 300, class E reinforcement; 

(b) 1 .4 fy for grade 500, class E reinforcement. 

3.7.4.3 Dynamic magnification 

In ductile structures where the lateral earthquake load is resisted by a system of moment resisting frames 
or cantilever or coupled walls, the appropriate structural ductility factor, ,u, specified in table 3.2, shall be 
used, and where applicable, allowance for the dynamic magnification of shear forces shall be made in 
accordance with NZS 31 01 . 

3.7.4.4 Design for maximum shear force 

Capacity design procedures shall be used to ensure that the nominal shear strength of masonry elements 
is in excess of the shear force acting when flexural overstrength is reached. 

3.7.4.5 Ductile coupled shear walls 

When cantilever walls are interconnected in the same plane at intervals by substantial ductile beams, part 
of the seismic energy to be dissipated shall be assigned to the coupling system. Design procedures shall 
be used to ensure that the energy dissipation in the coupling system can be maintained at its flexural 
overstrength, without exceeding the ultimate compression strain of the concrete masonry. 

'Generali^esi^^ requirerriepts, including dy^ NZS::3101/^ 

3.7.4.6 Ductile moment resisting frames 

General design principles for ductile masonry moment resisting frames shall comply with the requirements 
of NZS 3101 including allowance for P-delta effects where required. 

3.7.4.7 Ductile hybrid structures 

Whenever a combination of different ductile structural systems is used, rational analysis, taking into 
account the relative stiffness and location of such elements, shall be employed to allocate the seismic 
resistance to each element. Attention shall be given to the likely energy dissipation capacity of each 
element, and the ensuing local damage in relation to the ductility demand on the element when the desired 
ductility for the building as a whole is attained. 

3.7.5 Foundations 

General design principles for concrete masonry foundations shall comply with the requirements of 
NZS 3101. 

3.7.6 Structures incorporating mechanical energy dissipating devices 

The design principles associated with incorporation of mechanical energy dissipation devices shall be the 
subject of a special study. 

3.7.7 Secondary structural elements 

Secondary elements shall be designed to the requirements of section 12. 
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4 DESIGN FOR DURABILITY 

4.1 Scope 

This section may be used in conjunction with NZS 31 01 to provide a means of compliance with Clause B2 
oftheNZBC. 

4.2 Classification of sites into sea spray zones or corrosion zones 

4.2.1 Sea spray and corrosion zones 

Building sites shall be classified as being in sea spray zones or corrosion zones 1 , 2, 3 or 4, depending 
on the severity of exposure to wind-driven sea salt or to geothermal gases. 

Sea spray zones and corrosion zones 1,2,3 and 4 are shown in figure 4.1 . 

4.2.1.1 Location of sea spray zone 

The sea spray zone referred to in table 4.1 is defined as within 500 m of the sea including harbours, or 
1 00 m from tidal estuaries and sheltered inlets, as well as areas shown unshaded on figure 4. 1 . The sea 
spray zone also includes all offshore islands including Waiheke, Great Barrier Island, Stewart Island and 
the Chatham Islands. 

4.2.1 .2 Location of geothermal hot spots 

"Geothermal hot spots" are mainly found in Zone 4 but may occur elsewhere. These are areas within 
50 m of a bore, mudpool, steam vent, or other fume source. 

4.2.1.3 Corrosive atmosphere 

Localized areas subject to corrosive industrial atmospheres are outside the scope of this Standard. 

4.2.2 Durability specification 

Table 4.1 shall be used to select the masonry durability specification requirements. 
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NOTE - The sea spray zone includes all 
offshore islands, the area within 500 m of 
the coastline of New Zealand and those 
areas of the coastline shown in white. 




KEY 


H Zone1 




» 


Zone 2 






Zone 3 


H Zone 4 



Silverstream 
Stokes Valley 



Wainuiomata 



Figure 4.1 - Sea spray and corrosion zone map 
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NOTE - The sea spray zone includes all 
offshore islands, the area within 500 m of 
the coastiine of New Zealand and those 
areas of the coastiine shown in white. 
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Figure 4.1 - Sea spray and corrosion zone map (continued) 



33 



NZS 4230:2004 



^0lassifj0heff0Suck j^^dassHiiMion^j^ beloutsidefh^coiDe J 



'ffla-BSsistlt^WntofiSiMuiiw^^ 
















■■■^^5c-:T"- ■•■ ^:^-■>.■■■ 'v^^rsr;;-^" ■ ■-:.■■:;■■■■ ■■:;■■::■ ■.^■■:^^:^ :.;;^^-:^^; 



c(a)Directiom^f prevailing windyfrom tb&isear ^y^^^^^ .a^ .-^^^^^ \:?::-^v :^|$S^^^^:-^■■■;:^ar^v^^-¥^^v n -^ 



.;;g^: 



^^^^^,,' ' ::\r'^l''' \ /. . . ^.^l-^^i.V^ '''\"-C^ ,y'] ' ' . ' — = -:." ^^. ; k^^ v:^^ '''^"V- ' - ' . ' ''"-.' ' i'^'^' ■:■>-' ^\^ . 



■^^. ' 






(c) Existence ^bf salt sp or cladding of Waceht^^^^ ^■^" -i 

■ii(d)- Existence 00^^^ ofMtmihe-airM . >SSLy0::^-:i 






■f Shelter-provided by rid0Bdrspurs/iar0beikdf trees' 'cfrwthm^uSi-ieatureslSS^ ■' -¥31 ■ ' ■.';::'; ■ --^^B 

-:-:■: ^^mm^Cy ■ . y^^z / r ' yymvy''-%my- ■'■^^' ■^ifty-^^"'-^^";-"^-^--.---.^v^-^*^ ■^s§^^^■■'^v-■■-y■ 

^v ':i:^^^^^:;:^v ■ ■■■. '^^^?.y; ■ ■■■ . -■ym>^""-y'--:'y^^^yyy^ ^.:My \-yyyT:-^' -^^i-. '-'vSM'-yMhl^ .y '-"'y^'^''- '■ '^K^m^' ".-^^'^^/^ ■.'. ■■■■ >'-'^m 
Locaiiion of Wilding in rSjMionio^ge -aW-0emiilmwir^^^ -l^i^- 3i"- ^®^ 



location of^mildinginrBlMm 0'geothermajgipt spots 'af^-p0yail0g^ 

Sinfall zones: x'^Sf^iy' S ■ ':M-''' /^fl#" ■■^■■^\\ .:JlilF',;lS:;-^^<^' -: aF .l^ttlx '. 
^Rerfonvance of 'adjacent buildings^m^^^ --S-.'WM-' "S&m^-^$W- -^W\lt&fe ■ ■M 






34 



NZS 4230:2004 



Table 4.1 ~ Masonry durability requirements 
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Exposure categories 


Durability requirements 


Exposure zones 


NZS 3101 
exposure 
classifications 

(Note 1) 


Classification of built- 
in components 

(Note 2) 


Minimum cover to 
reinforcement 

(Note 3) 


Sea spray 


B2 


R4 


60 (30) 


1 &4 


B1 


R3 


50 (20) 


2&3 


A2 


R3 


45(15) 


Closed interior 
(Note 4) 


A1 


R1 


35(5) 


Geothermal 
hotspot 


U 


R5 


Special study 


NOTE - 

(1 ) The NZS 3101 zones shall be as defined in that Standard. 

(2) The classifications are defined in AS/NZS 2699:Part 2 Connectors and accessories. A protection 
specification is given for the component. The manufacturer must meet this and the component must be 
labelled to identify the level of corrosion protection. 

(3) Cover is measured from the outside of the cell face of the unit. The figures in brackets are the approximate 
total cover to the inside face of the wall assuming a face-shell thickness of 30 mm. Reinforcement shall be 
restrained so that the minimum covers are maintained during construction. Retaining walls shall be classed 
as B2 as specified in NZS 3101. 

(4) When weatherproofed to the requirements of NZS 421 0, Exposure Categories 1 , 2, 3 & 4 (NZS 3604) or 
B1 &A2 (NZS 31 01) can be reduced to "Closed Interior" or "A1". When waterproofed to the requirements 
of NZS 4210 all exposure categories can be reduced to "Closed Interior" or "A1". 



Amdl 
Dec. '06 



4,3 Governing reinforcing cover requirements 

The requirements of section 5 for fire shall take precedence over masonry covers determined from 

section 4 where the required cover for durability is less than that required for fire resistance. 
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5 DESIGN FOR FIRE RESISTANCE 

5.1 Notation 

/\g Gross area of section, mnn^ 

b Thickness of a wall, mm 

b^ Minimum width of column section, mm 

b^ Effective web width, mm 

c Cover to longitudinal reinforcement, mm 

E^ Ratio of modulus of elasticity at design temperature Tto modulus of elasticity at 23 °C 

f^ Specified compressive strength of masonry, MPa 

/r Ratio of compressive strength of concrete (or yield stress of reinforcing or prestressing steel) at 

design temperature rto compressive strength of concrete (or yield stress of reinforcing or 
prestressing steel) at 23 °C 

/?yyg Effective height of a wall, mm 

h^^ Unsupported height of a wall, mm 

/-L Distance between centres of lateral restraints, mm 

AT Applied design axial load at the ultimate limit state (exclusive of selfweight), N 

T Temperature, °C 

t^ Wall thickness, mm 

(p Strength reduction factor, see 3.4.7 

5.2 Scope 

The provisions of this section set out the requirements for the design of reinforced masonry structures 
and components to resist the effects of fire, and gives methods for determining the fire resistance ratings 
required by the NZBC. 
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5.3 Design requirements 

5.3.1 General 

A component shall be designed to have the required fire resistance rating for each of stability, integrity, 
and insulation. The requirements of section 4 for durability shall take precedence over masonry covers 
determined from this clause where the required cover for fire resistance is less than that required for 
durability. 

We!emefUs'arei:Bx0s^d 

5.3.2 Joints 

Joints between components or between adjoining parts shall be constructed so that the fire resistance 
rating of the whole assembly is not less than that required for the component. 

^.,^_ ,,^^ .^ ,,, ,. .^^ , .^^ .^v,|?^,,....,,, :;'i:^:;: ; ; .^,;;;;;^g|t-' ■ -;i^||;i::v ■■■■ .r^yiiS^----r^f^}^-:- -^^^^^■■^■\'[ ^Si^--- 

■■■ LtO.O-^ vrM^^^- : .::^m:V:. ■: .:-ix: ■/:-<4a:^ : ■ .v-' ■■■viS^"-- ■ ■i-^'^v ■ : -.-s^"' ■■ ' ..:■^■■ y--'^^- .--^^:?^^v- ;^>:,-:^/^-V; •..;,.;■=>■■■ .:;;;;--:v'"r- . ;■ .=;:>t=?.T ■ ■• -r;-:;- ■ ■ 

^$Firare$j^tari0fpmper^^ 

5.3.3 Methods for determining fire resistance ratings 

The fire resistance ratings for a component shall be determined by either: 

(a) Proportioning the component in accordance with 5.4 to 5.6, as appropriate; or 

(b) The methods given in 5.7 and 5.8. 

Wj:firee:m0hods^ 

: Ctai^sSMand^sMdeMem^ . 

'0tj^- stated fire^00 
-beeniBasedi0^ 




l:;^jW;~recp^er)(^ 




5.3,4 Loads to be considered simultaneously with fire 

All loads that are required to be considered simultaneously with fire shall be taken at the ultimate limit state 

unless specifically noted otherwise. 

5.4 Fire resistance ratings for walls 

5.4.1 General 

The fire resistance ratings for a wall shall be determined in accordance with either: 

(a) Clause 5.4.2 to 5.4.4 if the wall has a fire-separating function; or 

(b) Clause 5.6 in all other instances. 
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5.4.2 Insulation for walls 

A wall has a fire resistance rating for insulation given by table 5.1 if the effective thickness of the wall is 
not less than the corresponding value given in the table. The effective thickness of the wall to be used 
in table 5.1 shall be taken as follows: 

(a) For solid walls, the actual thickness; 

(b) For partially filled walls the net cross-sectional area divided by the length of the cross-section. 

Table 5.1 - Minimum wall thickness for fire resistance ratings for insulation 



Fire resistance 
rating 

(minutes) 


Effectiveness thicl<ness for different aggregate type 

(mnn) 


Type A aggregate 


Type B aggregate 


Type C aggregate 


30 


50 


45 


40 


60 


75 


70 


55 


90 


95 


90 


70 


120 


110 


105 


80 


180 


140 


135 


105 


240 


165 


160 


120 


NOTE- 

Aggregate types: 

A - quartz, greywacke, basalt & and all others not listed 

B - dacite, phonolite, andesite, rhyolite, limestone 

C - pumice and selected lightweight aggregates. 



5.4.3 Integrity for walls 

A wall has the stated fire resistance rating for integrity if it meets the requirements for both insulation and 
stability for that rating. 

5.4.4 Stability of walls 

A laterally supported wall has the required fire resistance rating for stability if (a) to (d) of the following are 
satisfied: 

^^^ ^ I (a) Complies with the dimensional limitations, axial forces and strength requirements for walls in 
"^^■■°^' NZS 31 01; 

(b) The effective thickness of the wall is not less than the thickness required by 5.4.2 for that rating; 

(c) If AT < 0.03 fr^^^g, and /?yye/fyy is not greater than 50; 

(d) If AT > 0.03 f^ ^g, 

(i) /7yyg/fyy is not greater than 20; and 

(ii) The cover from the fire-exposed face to the vertical reinforcement or tendons is not less than the 
corresponding cover given in table 5.2 for that rating. 
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For the purpose of (c) and (d) above, the following apply: 

(iii) A/* is the design axial load for the ultimate limit state (exclusive of self weight) at the mid-height 
of the wail; 

(iv) If the wall is laterally supported top and bottom only, h^^ shall be taken as: 

1 .0 h^^ if neither support is rotationally restrained; 

0.85 h^^ if one support is rotationally restrained; or 

0.70 h^^ if both supports are rotationally restrained, 

where the rotational restraint at the support, if any, is provided by a component outside the fire 
compartment (including a continuation of the wall itself). 

(v) If the wall is laterally supported on all 4 sides, h^^ shall be determined: 

In accordance with (iv) if ^7^^^ - ^u or 

By substituting /.|_for h^^ in (iv) if h^^^ > /.|_, the rotational restraint provided being determined for 
the supports in the direction of L^. 

Table 5.2 - Minimum cover to vertical reinforcement and tendons for stability of walls 



Fire resistance 
rating 

(minutes) 


Cover, c 

(mm) 


To reinforcement 


To tendons 


30 


20 


30 


60 


20 


30 


90 


35 


30 


120 


40 


30 


180 


45 


35 


240 


50 


50 






^TbeMihimum?edveM6WW 
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5,4.5 Increasing fire resistance ratings for walls by insulating materials 

5A5,1 

For walls the fire resistance ratings may be increased, in accordance with 5.9, by the application of 
insulating materials to the face exposed to fire. 

5.4.5.2 

Other methods (e.g. addition of insulation materials in hollow cores) may be used, but any increase 
afforded shall be determined in accordance with 5.7. 

5.5 Fire resistance ratings for beams 

5.5.1 Insulation and integrity for beams 

Fire resistance ratings for insulation and integrity are not generally relevant to beams, but where required, 

are met by satisfying the corresponding fire resistance ratings for walls. 

^Jhemarelnsta^ form part ofa^fompofwjMperi^ 

yspahdrelarjjnf^ 

^thewebfffiiieypeam ."'v:./i4:/ \-;r.-- ■..;:,■.:,, ' "-'^i^^-'^.M^^-'^-j^s--" 

5.5-2 Stability for beams incorporated in roof or floor systems 

A beam, whose upper surface is integral with, or protected by a reinforced concrete slab complying with 
NZS 3101 has one of the fire resistance ratings for stability shown in table 5.3 and table 5.4 if it is 
proportioned so that: 

(a) The beam width, measured at the centroid of the lowest level of longitudinal bottom reinforcement; 
and 

(b) The cover to the longitudinal bottom reinforcement are not less than the value for that rating obtained 
from: 

(i) Table 5.3 for simply supported beams; or 

(ii) Table 5.4 for continuous beams. 

Table 5.3 - Stability requirements - Simply supported beams 



Fire rating 

(minutes) 


Effective web thicl<ness, by^ 


240 


190 


140 


Cover 

(mm) 


180 


70 


- 


- 


120 


45 


55 


- 


90 


33 


35 


45 


60 


20 


22 


25 
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Table 5.4 - Stability requirements - Continuous beams 



Fire rating 

(minutes) 




Effective web thickness, b^ 




240 


190 


140 


Cover 

(mm) 


180 


70 


- 


- 


120 


25 


35 


- 


90 


20 


20 


25 


60 


20 


20 


20 



For the purpose of this clause, a beam shall be considered continuous if, under imposed load, it is 
flexurally continuous at least at one end. 
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5,5.3 Stability for beams exposed to fire on all sides 

A beam of rectangular cross-section which can be exposed to fire on all 4 sides has a particular fire 

resistance rating for stability if it is proportioned so that; 

(a) The total depth of the beam is not less than the least value of b^ for that rating obtained from 
table 5.3 or table 5.4, as appropriate; 

(b) The cross-sectional area of the beam is not less than twice the area of a square with a side equal to 
b^ determined as for item (a); and 

(c) The cover is not less than the value for that rating determined using the minimum dimensions of the 
beam for b^ in the relevant figure, and applies to all longitudinal reinforcement or tendons. 
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5.5.4 Increasing fire resistance ratings of beams by insulating materials 

For beams, the fire resistance ratings may be increased, in accordance with 5.9, by the application of 

insulating material to the surfaces exposed to fire. 




5.6 Fire resistance ratings for columns 

5.6.1 General 

Fire resistance ratings for a column shall be determined in accordance with either: 

(a) Clauses 5.6.2 and 5.6.3 if the column: 

(i) Can be exposed to fire on all sides; or 

(ii) Is built into or forms part of a wall not capable of having a fire separating function; or 

(iii) Is built into or forms part of a wall having afire separating function but which has afire resistance 
rating for stability less than that required for the column; or 

(iv) Is built into and protrudes by more than the cover to the longitudinal steel beyond the fire-exposed 
face of a wall having a fire-separating function; or 

(b) Clause 5.4 in all other instances. 

-' lliiB mmirnurndimBMiOfMaj^ giveriiri figure 5^3 afe(base^^^ columrfs ■. 
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5.6.2 Insulation and integrity for columns 

Fire resistance ratings for insulation and integrity do not apply to columns described in 5.6.1 (a). Where 
a column serves a fire-separating function and 5.6.1 (a) is not applicable, the fire resistance ratings for 
insulation and integrity shall be determined in accordance with 5.4.2 and 5.7.3. 

5.6.3 Stability for columns 

5.6.3.1 

Acolumn has afire resistance rating for stability shown in figure 5. 3 if it is proportioned sothat the minimum 
cross-sectional dimensions and cover to the longitudinal reinforcement are not less than the values 
obtained from that figure. 

5.6.3.2 

For a particular fire resistance rating, cover to tendons shall be 10 mm greater than the relevant values 
for longitudinal reinforcement obtained from figure 5.3. 
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Figure 5.3 - Stability requirements - Columns 

5.6.4 Increasing fire resistance ratings for columns by insulating materials 

For columns, the fire resistance ratings may be increased, in accordance with 5.9, by the application of 

insulating material to the faces exposed to fire. 

5.7 Fire resistance ratings from fire tests 

5.7,1 General 

Fire tests on components shall be carried out in accordance with AS 1 530:Part 4 and BS 476: Parts 20- 

22 and the results applied in accordance with this clause, as appropriate. 



5.7,2 Loadbearing components tested under load 
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^^loaabearing^compcmentsubi^ 

5.7.2.1 Application of test results 

For prototype loadbearing components tested under load in accordance with AS 1530 Part 4 and 
BS 476:Parts 20-22, the fire test results shall be applied in accordance with 5.7.2.2.2 as appropriate. 

5.7.2.2 Components identical to the prototype 

5.7.2.2.1 

The results of fire tests on a prototype may be applied directly to an identical component or system 
incorporated in a building structure. 
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5.7.2.2.2 

For the purpose of 5.7.2.2.1 , an incorporated component or system shall be considered identical to the 
prototype if: 

(a) It is of the same shape, size and form of construction as the prototype; 

(b) It is composed of materials having relevant properties within the variability range of those used in the 
prototype; 

(c) It has the same type and similar degree of flexural restraint and restraint against thermal movements 
as the prototype; 

(d) It has thickness and covers, in relation to the expected direction of fire exposure, not less than the 
corresponding thicknesses and covers of the prototype; 

(e) It has an effective span, or effective length, which does not exceed that of the prototype by more than 
3 %; and 

(f) It has an applied loading resulting in peak flexural demands at the ultimate limit state no greater than 
those of the prototype. 

5.7,2-2.3 

For the purpose of this clause, an incorporated component or system shall be considered similar to the 
prototype component or system provided that: 

(a) The incorporated component or system: 

(i) Is similar in geometry to the prototype; 

(ii) Is of the same form of construction and is composed of materials similar to those used in the 
prototype; and 

(iii) Has the same type of restraints against flexural or thermal movements, or both, as provided or 
induced in the prototype; and 

(b) The calculated stresses in the incorporated componentorsystem,dueto the short-term serviceability 
limit state loads specified in AS/NZS 1 1 70 do not exceed by more than 20 %the calculated stresses 
in the corresponding sections of the prototype, due to the loads on it at the commencement of heating. 

5.7.3 Beams, and columns tested as non-loaded components 

Temperatures measured within the cross-section of beams, and columns, tested as non-loaded 
components in accordance with AS 1530:Part 4 and BS 476:Parts 20-22, shall be used, in conjunction 
with a method of calculation given in 5.8, to determine the stability of the constructed component. 
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5.8 Fire resistance rating by calculation 

The fire resistance rating of a component may be predicted by a recognized method of calculation such 
as that given in BRANZ Technical Recommendation No. 8, using the load combinations given in 
AS/NZS 1170, a factor in accordance with 3.4 and appropriate values for the properties of New 
Zealand materials obtained from figure 5.4 and figure 5.5. 
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Figure 5.4 - Values of elastic modulus to be used in determining fire resistance rating by 

calculation 
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Figure 5.5 - Values of strength to be used in determining fire resistance 

rating by calculation 

5.9 Increase of fire resistance ratings by use of insulating materials 

5.9,1 Increase of fire resistance ratings by the addition of insulating materials 

5.9.1.1 General 

The fire resistance ratings for insulation and stability of a masonry component may be increased by the 
addition to the surface of an insulating material to provide increased thickness to the component, or 
greater insulation to the longitudinal reinforcement or tendons, or both. 
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5.9.1.2 Acceptable forms of insulation 
Acceptable forms of insulation include the following: 

(a) Thicknesses of 1 :4 vermiculite concrete or of 1 :4 perlite concrete which are appropriately bonded to 
the concrete masonry; 

(b) Gypsum-vermiculite plaster or gypsum-perlite plaster, both mixed in the proportion of 0.16 m^ of 
aggregate to 100 kg of gypsum, in the form of either thickness added and appropriately bonded to 
the concrete, or as a sprayed or trowelled application applied in situ; 

(c) Any other fire protective building board or material that has been demonstrated to be suitable for the 
purpose in a standard fire resistance test. 

5.9.1.3 Thickness of insulating material 

5-9.1.3,1 

The minimum thickness of insulating material added to attain the required fire resistance level shall be 
determined by testing in accordance with AS 1530:Part 4 and BS 476:Parts 20-22. 

5.9.1.3.2 

In the absence of such testing and only for the materials specified in 5.9.1 .2, the minimum thickness of 
insulating material to be added may be taken as the difference between the required cover or effective 
thickness specified in this section and the actual cover or effective thickness, whichever governs, 
multiplied by: 

(a) 0.75, for materials specified In 5.9.1 .2 (a) and (b); or 

(b) An appropriate factor for materials specified in 5.9.1.2(c), where the factor is derived from tests in 
which the difference calculated above lies within the range of insulation thicknesses tested; and 

(c) The thickness thus calculated rounded to the nearest 5 mm above. 

5.9.1 .4 Reinforcement in sprayed or trowelled insulating materials 

Where the thickness of sprayed or trowelled insulating materials exceeds 10 mm, the material shall be 
reinforced to prevent detachment during exposure to fire. 
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6 REINFORCEMENT 

6.1 Notation 

/Igp Area of flexural reinforcement provided, mm^ 

A^j Area of flexural reinforcement required, mm^ 

A^ Area of bar formed into spiral or circular hoop reinforcement, mm^ 

A^^ Smaller of area of transverse reinforcement within a spacing, s, crossing plane of splitting normal 
to masonry surface containing extreme tension fibres, or atotal area of transverse reinforcement 
normal to the layer of bars within a spacing, s, divided by n, mm^. If longitudinal bars are enclosed 
within spiral reinforcement, A^^ = Ap mm^ 

A^ Area of shear reinforcement within a distance, s, mm^ 

d Distance from extreme compression fibre to centroid of tension reinforcement, mm 

d^ Nominal diameter of bar, wire, or in a bundle, the diameter of a bar of equivalent area, mm 

d•^ Diameter of bend measured to the Inside of the reinforcing bar, mm 

fy Lower characteristic yield strength of non-prestressed reinforcement, MPa 

/yt Lower characteristic yield strength of transverse reinforcement, MPa 

L^ Development length, mm 

Ljb Basic development length of a straight bar, mm 

L^^ Development length of a hooked bar, equal to straight embedment between critical section and 
point of tangency of hook, plus bend radius, plus one bar diameter, mm 

n Number of bars in a layer 

s Maximum spacing of transverse reinforcement within L^, or spacing of stirrups or ties or spacing 

of successive turns of a spiral, all measured centre-to-centre, mm 

V* Design shear force at section at ultimate limit state, N 

p^ Ratio of area of reinforcement to be cut off, to total area of tension reinforcement at the section, 

including those bars which are to be cut off 

6.2 Scope 

Provisions of section 6 shall apply to detailing of reinforcement, including spacing, development and 
splices. 
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6.3 General principles and requirements for all structures 

6.3.1 Steel reinforcement 

6.3.1.1 Use of deformed reinforcement 

All reinforcement other than ties, stirrups, spirals, and joint reinforcement shall be deformed. 

;:lngSneralMlaiti^round^ 
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6.3.1.2 Reinforcing compliance 
Reinforcing bars and wire shall conform to AS/NZS 4671 . 

6.3.1.3 Reinforcement class 
The following requirements apply when specifying reinforcement: 

(a) Where ductility, moment redistribution or yielding of the reinforcement can reasonably be expected 
during the life of the structure, Class E reinforcement as defined in AS/NZS 4671 shall be used in the 
yielding region; 

(b) Where different classes of reinforcement are used on one project, provision shall be made to confirm 
that the correct class is located in the correct location. 

6.3.1 .4 Restrictions on in-line quenched and tempered reinforcement 
Reinforcing bars manufactured by the in-line quenched and tempered process shall not be used where 

Dec '06 welding, galvanising, hot bending, or threading of bars occurs. 

6-3.2 Hooks 

The term, standard hook, see figure 6.1 , as used herein shall mean either: 

(a) A 1 80° turn plus an extension of at least 4 bar diameters but not less than 65 mm at the free end of 
the bar; or 

(b) A 90° turn plus an extension of at least 12 bar diameters at the free end of the bar; or 

(c) A stirrup hook, which is defined as a 1 35° turn around a longitudinal bar plus an extension at the free 
end of the bar embedded in the grouted core of the component of at least 8 stirrup bar diameters for 
plain bars and 6 stirrup bar diameters for deformed bars. 
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Figure 6.1 - Standard hooks 

6.3-3 Minimum bend diameter other than stirrup and tie bends 

The diameter of bend, measured to the inside of the bar, shall not be less than the appropriate value given 

in table 6.1. 

Table 6.1 - Minimum diameters of bend for Class E steel bars to AS/NZS 4671 

other than stirrup and tie bends 



steel yield strength, fy 

(MPa) 


Bar diameter, d^^ 

(mm) 


IVIinimum diameter of bend, dj 


300 or 500 


6-20 


5db 


25-32 


6ct 



6,3,4 Stirrup and tie bends 

Inside diameter of bends of stirrups and ties shall be equal to the diameter of the enclosed bar except that 

it shall be not less than the values given in table 6.2 where d^ is the stirrup or tie bar diameter. 



53 



NZS 4230:2004 



Table 6.2 - Minimum diameters of bends for stirrups and ties for 
Class E steel bars to AS/NZS 4671 



Steel yield strength, fy 

(MPa) 


Bar diameter, d^ 

(mm) 


Minimum diameter of bend, dj 


Plain bars 


Deformed bars 


300 or 500 


6-20 


2db 


4rfb 


25-32 


3db 


6cfb 



6.3.5 Bundled bars 

Groups of parallel reinforcing bars bundled in contact, assumed to act as a unit, and not more than two 
in any one bundle, may be used only when the bundle is within the perimeter of stirrups or ties. Bars larger 
than 16 mm shall not be bundled in concrete masonry construction. 

6.3.6 Spacing of reinforcement 

6.3.6.1 Spacing between bars in a layer 

Thecleardistance between parallel reinforcing bars in a layershall be not less than 25 mm northe nominal 

diameter of the bars. 



m3.6.i 
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6.3.6-2 Bar arrangement and spacing between layers 

Where parallel reinforcement is placed in two or more layers in beams, the bars in the upper layers shall 
be placed directly above those in the bottom layer with the clear distance between layers not less than 
25 mm nor the nominal diameter of the bars. 

6.3.6.3 Spacing determined by aggregate size 

The nominal maximum size of the aggregate shall be not larger than 0.75 of the minimum clear spacing 
between the individual reinforcing bars or bundles. 

6.3.6.4 Spacing of bundled bars 

To determine the spacing limits of bundled bars, the bundle shall be treated as a single bar of adiameter 
derived from the equivalent total area. 

6.3.7 Development lengths of reinforcement 

6.3.7.1 General 

Calculated tension or compression in reinforcement at each section of a reinforced concrete masonry 
component shall be developed on each side of that section by embedment length or end anchorage or 
a combination thereof. Hooks may be used in developing bars in tension. 

6.3.7.2 Development length of deformed bars and deformed wire in tension or compression 

The development length, L^, of deformed bars shall be computed as the product of the basic development 
length, L^^, from 6.3.7.3 and 6.3.7.4 and when applicable the modification factor or factors in 6.3.7.5. 
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6.3.7.3 Basic development length of grade 300 reinforcement 

The basic development length, L^^, for reinforcement having fy = 300 MPa shall be 40 d^. 

6.3.7.4 Basic development length of grade 500 reinforcement 

The basic development length, L^^, for reinforcement having f^ = 500 MPa shall be 70 d^. 

6.3.7.5 Modification factors for basic development length 

The basic development length shall be multiplied by the applicable factor or factors for: 

(a) Top horizontal reinforcement where more than 300 mm of fresh grout is cast in the 
component below the bar... 1.3 

Unless the grout contains an expansive admixture as defined in NZS 4210 1.0 

(b) Reinforcement in a flexural component (not subjected to seismic loads nor required 

for temperature or shrinkage in restrained components) in excess of that required A^^ /A^^ 
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6.3.7.6 Development length of plain bars and wire in tension or compression 

The development length for plain bars and wire shall be twice the calculated value of L^ for a deformed 
bar. 

6.3.7.7 Development of bundled bars 

Development length of individual bars within a two-bar bundle, in tension or compression, shall be that 
for the individual bar, increased by 20 %. 

Individual bars in a two-bar bundle cut off within the span of flexural components shall terminate at 
different points with at least a 40 d^ stagger. 

UAmhci^ased^evelophfientMngth Wmdividualbars ■isfequiredwhen two- bars are: bundled together M 
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6.3.S Anchorage of reinforcement 

6-3.8,1 Standard hooks in tension 
Where hooks are to be specified: 

(a) The development length, L^^, of a deformed bar in tension terminating in a standard hook shall 
be taken as the greater of 20 d^ or 250 mm for f^ = 300 MPa, or the greater of 35 d^ or 420 mm for 
fy = 500 MPa; 

(b) Hooks shall not be considered effective in developing reinforcement in compression. 

6-3.8.2 Mechanical anchorage 

Where mechanical anchorages are being considered: 

(a) Any mechanical device capable of developing not less than 1.6 fy or the breaking strength of the 
reinforcing bar, whichever is smaller, may be used as anchorage; 

(b) The adequacy of such mechanical devices shall be established by special study or suitable tests. 

6-3.9 Splices in reinforcement 

6.3-9-1 Lap splices 

Where lap splices are required: 

(a) The minimum length for lap splices of bars in tension shall be taken equal to the development length, 
/_d, in 6.3.7.3 and 6.3.7.4 for deformed bars and equal to the development length in 6.3.7.6 for plain 
bars; 

(b) Lap splices shall not be used for bars larger than 25 mm; 

(c) Lap splices of bundled bars shall be based on the lap splice length required for individual bars of the 
same size as the bars spliced, and such individual splices within the bundle shall not overlap each 
other. The length of lap shall be increased by 20 % for a two-bar bundle; 

(d) Bars of contact lap splices shall be tied together. 

I For^cluctility,i^lap ^ splices ■■sfiduldli&e adequateMo develop mom-. thahgfhe ^ yield strength lofMhe ■ \ 
^remMix^ementiotlieiyi^i^ 
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6-3.9.2 Welded splices 
Where splices are to be welded: 

(a) Except as provided herein, all welding of reinforcing bars shall confornn to AS/NZS 1554:Part 3. In 
the design and execution of welding of reinforcing bars nnanufactured to AS/NZS 4671 appropriate 
account shall be taken of the process of manufacture; 

(b) Welds shall not be made closer than 3 d^ from the commencement of bends. 

' '.'"jr>C O fl O ^■■^.v". . "■"'■;-■■ •■':■■;/.- ""^'^k^.^.- ■i^/'^]r'-'. . - V;-:^- . ■■■:: ''\i.-.- ■/ '^'ii^.^- . ■ 'X... ."7^.... ' -.■.''■.^iu': ■■ W"'}'' '• : •■ ■ :' ■■ ■ ■ " '■'^■^.: \.\.. , " ' .'w'kS}-' -'yJ^'^- ".:..:... ..'■•■•■' 
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6.3.9.3 Conditions for welded splices 

Welded splices shall satisfy the following conditions: 

(a) A full strength welded splice is one in which the bars are butt welded to develop in tension the breaking 
strength of the bar; 

(b) A high strength welded splice is one in which the bars are lap or butt welded to develop in tension 
the breaking strength of the bar. 

6-3,9.4 Mechanical connections 

A mechanical connection is defined as a connection which relies on mechanical interlock with the bar 

deformations to develop the connection capacity. Reinforcement of mechanical connection systems 

shall meet both strength and slippage criteria of ISO/CD 15835 for use in both static and seismic 

conditions. 

lArr^bvefstmnglM 
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6.3.1 Development of flexural reinforcement 

6.3.10.1 General 

Tension reinforcement may be developed by bending across the web to be anchored or made continuous 

with reinforcement on the opposite side of the component. 
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6,3.1 0,2 Critical sections for reinforcement development 

Critical sections for development of reinforcement in flexural components are at points of maximum stress 

and at points within the span where adjacent reinforcement terminates, or is bent. 

6.3.1 0-3 Development of flexural reinforcement 

Except at supports of simple spans and at the free end of cantilevers, tension reinforcement shall extend 

beyond the point at which, according to the appropriate bending moment envelope, it is: 

(a) Required at full strength for a distance equal to the development length, L^, plus the effective depth 
of the component; and 

(b) No longer required to resist flexure for a distance of 1 .3 times the effective depth of the component. 

6.3.1 0.4 Restrictions on termination of flexural reinforcement in tension zones 

Flexural reinforcement shall not be terminated in a tension zone unless one of the following conditions 
is satisfied : 

(a) Shear at the cut-off point does not exceed 67 % of the shear capacity provided, including shear 
strength provided by shear reinforcement; or 

(b) In the case of beams and columns, stirrup area in excess of that required for shear and torsion shall 
be provided along each terminated bar or wire over a distance from the termination point equal to 
75 % of the effective depth of the component. Excess stirrup area, A^, shall be not less than 
OAbs/fy. Spacing, s, shall be not more than d/Qp^; or 

(c) For a 25 mm bar and smaller, continuing reinforcement provides double the area required for flexure 
at the cut-off point and shear does not exceed 75 % of that permitted. 

6.3.1 0.5 Anchorage of reinforcement where stress is not proportional to moment 

Adequate end anchorage shall be provided for tension reinforcement in flexural components where 
reinforcement stress is not directly proportional to moment, such as stepped footings or deep flexural 
components. 

6.3.10.6 Anchorage into columns 

When longitudinal beam bars are anchored in column cores or beam stubs the development shall be 
deemed to commence at the column face of entry. 

6.3-1 1 Concrete protection of reinforcement for durability and fire 
^^^ -, The minimum concrete cover provided for reinforcing bars shall be the greater of those derived in 
Dec '06 accordance with section 4 and section 5 of this Standard. 

6.3.1 2 Protection of exposed reinforcing bars and fittings 

Exposed reinforcing bars, inserts and plates intended for bonding with future extensions shall be 

galvanized or otherwise protected from corrosion. 

6.4 Principles and requirements additional to 6.3 for structures designed using a limited 
ductile or ductile seismic design philosophy 

6A1 Development of flexural reinforcement for seismic loading 

6.4.1 .1 Attainment of flexural overstrength in potential plastic hinges 

For structures designed using a limited ductile or ductile seismic design philosophy, the distribution and 
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curtailment of the longitudinal flexural reinforcement shall be such that the flexural overstrength of a 
section can be attained at critical sections in potential plastic hinge regions. 

6.4.1.2 Anchorage into columns 

When longitudinal beam bars are anchored in column cores or beam stubs, the anchorage shall be 
deemed to commence: 

(a) Where potential plastic hinges form in the beams at the column face, one-half of the relevant depth 
of the column or 10 d^, whichever is less, from the face at which the beam bar enters the column; 

(b) Where it can be shown that the critical section of the hinge is at a distance of at least the beam depth 
or 500 mm, whichever is less, from the column face, the development length may be considered to 
commence at the column face of entry. 

6.4.1 .3 Termination of tension reinforcement in potential plastic hinge zones 

Principal tension reinforcement shall not be terminated within potential plastic hinge regions in beams or 
columns in structures designed using a limited ductile or ductile design philosophy. 

6,4.2 Splices in reinforcement for seismic loading 

6.4.2.1 Lap splices in potential plastic hinge zones 

Requirements for lap splices in potential plastic hinge regions of walls are detailed in 7.4.5.4. Lap splices 
shall not be used in potential plastic hinge regions in beams and columns. 

it' Ms been observed iaxpenrnehtal^^^ in masdjir)^, which is uncqn fined arid is 
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6.4.2.2 Restriction on the location of splices 

Welded splices meeting the requirements of 6.3.9.3 (a) may be used in any location. For all other splices 
the following restrictions apply: 

(a) No portion of any splice shall be located within the beam-column joint region, or within twice the 
effective component depth from the critical section of a potential plastic hinge in a beam; 

(b) In a column the centre of the splice must be within one eighth of the storey height either side of the 
centre of the column unless it can be shown that potential plastic hingescannot develop in the column 
adjacent to the beam faces. 

6.4.2.3 Confinement required at splices for beams and columns 

Tensile reinforcement in beams or columns shall not be spliced by lapping in a region where reversing 
stresses at the ultimate limit state may exceed 0.6 fy in tension or compression unless each spliced bar 
is confined by stirrup ties so that: 

Al > _^ (Eq. 6-1) 

s 48 fyt 
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7 STRUCTURAL WALLS 

7.1 Notation 

/4g Gross area of section, mm^ 

/4^ Usable area of masonry section, mm^ 

/\p Area of confining plate perpendicular to direction of confinement, mm^ 

a Depth of fractional compression joint, mm 

b Thickness of wall section, mm 

c Computed distance of neutral axis from the compression edge of the wall section, mm 

d^ Nominal diameter of bar, wire, or in a bundle, the diameter of a bar of equivalent area, mm 

f^ Specified compressive strength of masonry, MPa 

fy Lower characteristic yield strength of non-prestressed reinforcement, MPa 

fyf^ Lower characteristic yield strength of confining plates, cross tie or stirrup tie reinforcement, MPa 

/?" Dimension of confined masonry core measured perpendicular to the direction of confining plate 
being considered, mm 

/?b Overall depth of beam, mm 

h^ Total height of wall from base to top, mm 

K Factor used to determine the equivalent masonry stress for confined masonry, see 10.2.2.6 

/-n Clear vertical distance between lines of effective horizontal support or clear horizontal distance 
between lines of effective vertical support, mm 

L^ Horizontal length of wall, mm 

A/piyy Nominal axial load-carrying capacity of a bearing wall designed to 7.3.4.8, N 

/V* Design axial compression load on wall, N 

Sp Spacing of shear reinforcement in direction parallel to longitudinal reinforcement, mm 

Sh Centre-to-centre spacing of confining plates, mm 

Vg Maximum permitted type-dependent total shear stress, defined in 10.3.2.4, MPa 

v^ Maximum permitted grade-dependent shear stress provided by masonry, defined in 10.3.2.5, 
MPa 

v^ Total shear stress corresponding to l/^, MPa 

Z Seismic hazard factor, specified in AS/NZS 1 1 70 

f^j Ultimate compression strain of masonry 

(j) Strength reduction factor, specified in 3.4.7 

jj, Structural ductility factor 
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7.2 Scope 

The design of all loadbearing and shear wall structures, irrespective of the seismic design philosophy, 
shall comply with 7.3. Clause 7.4 provides requirements additional to 7.3 for structures that are designed 
assuming limited ductile or ductile behaviour in an earthquake. 

7.3 General principles and requirements for all structures 
7.3,1 General design principles 

7.3.1.1 Design loads 

Walls shall be designed for all vertical, lateral in-plane and face loadings to which they may be subjected 
including provision for eccentric loads. 

7.3.1.2 Design for flexure witli or without axial loads 

Walls subjected to combined flexure and axial loads shall be designed in accordance with the principles 
of 1 0.2 including the effects of slenderness, except as modified by the provisions of 7.3.1 . 

7.3.1.3 Design for stiear and torsion 

Walls subjected to shear and/or torsion shall be designed in accordance with the principles of 1 0.3 except 
as modified by the provisions of 7.3.1 . 

7.3.1.4 Beams-column joints 

Structural walls that form part of a beam-column joint shall be designed in accordance with section 1 1 . 

7.3.1 .5 Siiort walls subject to axial loads to be designed as columns 
For short walls: 

(a) Walls that are less than 790 mm long and support a design axial load AT greaterthan 0.1 f^ A^ shall 
be designed as columns to the provisions of 9.3 with a minimum thickness as defined in 9.3.3; 

(b) Walls that are less than 790 mm long and support a design axial load AT not greater than 0.1 f^ A^ 
may be designed as walls or columns to the provisions of 7.3 or 9.3 respectively. 
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7.3.1 .6 Effective widths for flanged siiear walls 

In flanged shear walls, the flange and web shall be built integrally unless shown by a special study to be 
otherwise effectively bonded together, and the following shall apply: 

(a) The effective width of a flange resisting stresses due to flexure shall not exceed one third of the height 
of the shear wall, and the effective overhanging flange width on each side of the web shall not exceed : 

(i) Eight times the flange thickness; nor 

(ii) Half the clear distance to the next web. 

(b) For shear walls with a flange on one side only, the effective adjacent length of wall considered in 
flexural resistance shall not exceed: 

(i) One ninth of the height of the shear wall; nor 

(ii) Six times the flange thickness; nor 

(iii) Half the clear distance to the next web. 

7.3.1 .7 Moment of inertia for flanged sliear walls 

In computing the effective moment of inertia of cracked sections, the effective width of the overhanging 
parts of flanged components shall be one half of that given in 7.3.1 .6. 

7.3.1 .8 Effective lengtli of walls subject to point face loads 

The length of wall to be considered as effective for face-load moments resulting from a concentrated load 
or reaction shall not exceed the centre-to-centre distance between loads, nor the width of bearing plus 
four times the wall thickness, unless the effective length is established from a special study. 

7.3.1.9 Effective widtlis for pilasters 

Pilasters may be designed as T-beams provided the maximum axial stress does not exceed 0.1 0f^ A^. 
The limitations of 8.3.5 and 8.4 shall apply. 

7.3.2 Minimum grout space 

Minimum grout space shall comply as follows: 

(a) Walls shall be constructed such that there is a minimum clear grout space of 60 mm, with a minimum 
grout space area of 5400 mm^ for filled grout spaces. 

(b) Where the wall has been designed for elastic response to seismic loads and the grout spaces filled 
by the low lift procedure, the grout space shall not be less than that specified in NZS 4210. 
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7.3.3 Dimensional limitations 

The thickness of structural walls shall be not less than 140 mm or 0.05 L^ whichever is the greater. 
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7.3.4 Wall reinforcement 

7.3.4-1 Reinforcement requirements 

All reinforcement shall comply with the requirements of section 6. 

7.3.4.2 Distribution of wall reinforcement 
Wall reinforcement shall be distributed as follows: 

(a) Horizontal reinforcement shall be uniformly distributed throughout the height of the wall except as 
otherwise allowed by 7.3.4.7; 

(b) At least 50 % of the required vertical reinforcement shall be uniformly distributed along the length of 
the wall, subject to the minimum reinforcement provisions of 7.3.4.3, which shall be uniformly 
distributed. 

7.3.4.3 Minimum reinforcement 

All walls shall be reinforced both vertically and horizontally. The horizontal reinforcement shall be 
uniformly distributed up the wall height, except as allowed by 7.3.4.4 or 7.3.4.7. 

Except as allowed by 7.3.4.4, the minimum area of reinforcement in each direction shall be 0.07 % of the 
gross cross-sectional area of the wall taken perpendicular to the orientation of the reinforcement 
considered. Minimum reinforcement shall comply with the following: 

(a) Running bond 
The sum of the horizontal and vertical reinforcement ratios shall be at least 0.2 % of the gross cross- 
sectional area in all cases. 

(b) Stack bond 
For stack bonded walls the minimum horizontal reinforcement ratio shall be: 

(i) For building importance level 1 0.07 % 

(ii) For building importance level 2 or 3 0.14% 

(iii) For building importance level 4 or 5 0.25 % 

Dec '06 where the building importance level is determined by AS/NZS 1 1 70.0. 
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7.3.4.4 Arrangement of minimum reinforcement in short walls 

For walls less than 600 mm in length constructed in running bond the total reinforcement quantity of 0.2 % 
required by 7.3.4.3(a) may be placed vertically provided horizontal reinforcement is not required to carry 
shear. 
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7.3.4.5 Maximum diameter of reinforcement 

The diameter of bars used in walls shall not exceed: 

(a) One quarter of the least dimension of the grout space or cavity containing reinforcement; nor 

(b) One eighth of the gross wall thickness. 
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7.3.4.6 Maximum reinforcement 

The maximum area of reinforcement in a grout space or cavity shall not exceed: 

o 

— X the area of the grout space or cavity, 

except that at laps the total area of reinforcement may be: 

13 

— X the areas of a grout space or cavity. 

7 
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7.3.4.7 Horizontal reinforcement 
Horizontal reinforcement need not be uniformly distributed when all the following requirements are met: 

(a) The building is located in an area for which the seismic hazard factor, Z, is less than 0.26; and 

(b) Building height to the top of structural walls shall not exceed 7 m; and 

(c) Masonry is built in running bond; and 

(d) The wall has been designed for elastic seismic loading corresponding to ju = 1 .0, Sp = 1 .0; and 

(e) The design shear stress does not exceed the type-dependent value, v^, given in 10.3.2.5. 

7.3.4.8 Empirical design for axial load strength 

Gravity loadbearing walls that are not required to respond in a limited ductile or ductile manner, may be 
designed by the empirical provisions of Eq. 7-1 If the resultant axial load at the u Itimate limit state is located 
within the middle third of the overall thickness of the wall. 

Nominal axial load strength, N^^, of a wall shall be given by: 

N^^ = 0.5f;,A^[^-{LJ40bf] (Eq.7-1) 

7.4 Principles and requirements additional to 7.3 for structures designed using a limited ductile 
or ductile seismic design philosophy 

7.4.1 Design compatibility 
De'c'os I '^ the design of earthquake resisting ductile walls subjected to seismic actions at the ultimate limit state, 

the requirements of 3.7.3 for limited ductile walls and 3.7.4 for ductile walls shall be satisfied. 

7.4.2 Consideration of interaction between webs and flanges 

Cantilever or coupled shear walls shall be considered as integral units. The strength of flanges, boundary 
components, and webs shall be evaluated on the basis of compatible interaction between these elements 
using special study. 

7.4.3 Assumed extent of potential plastic hinge region 

The vertical extent of the potential plastic hinge region from the critical section in the wall shall be the 
greatest of: 

(a) The length of the wall in the plane of forces resisting the seismic loads; 

(b) One sixth the clear height of the wall. 

Amd 1 I 
Dec '06 I 

7.4.4 Dimensional limitations 

7.4.4.1 Minimum thicl<ness in wall plastic hinge regions 

in potential plastic hinge regions of limited ductile or ductile structures the thickness of any part of 
structural walls, three storeys or higher, located in the outer half of the neutral axis depth when accounting 
for compression strains generated by the combination of axial load and flexure due to design load, shall 
be not less than 0.075 L^ unless: 

(a) c 5 4b', or 

(b) c<0.3/.y,;or 

(c) c < 6b from the inside of a wall return of minimum length 0.2 /.p. 
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7.4.4.2 Minimum thickness of parts of structural walls not within plastic hinge regions 

Outside potential plastic hinge regions the thickness of structural walls shall be not less than 1 40 mm or 
0.05 L^ whichever is the greater. 

7.4.4.3 Minimum length of wall plastic hinge regions 

The length of a structural wall within the potential plastic hinge region shall be not less than L^ = 790 mm. 

7.4.5 Wall reinforcement 

7.4.5, 1 Vertical reinforcement in wall plastic hinge regions 

Within the potential plastic hinge region of structural walls the following requirements shall apply: 

(a) Minimum vertical reinforcement size shall be D12; 

(b) Maximum spacing of vertical reinforcement shall be 400 mm; 

(c) Minimum number of vertical bars shall be 4; 

(d) All vertical reinforcement shall be distributed uniformly along the length of the wall. 
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7.4.5.2 Horizontal reinforcement in wall plastic hinge regions 

Within the potential plastic hinge region of structural walls, the following requirements shall apply: 

(a) Maximum spacing of horizontal reinforcement in walls not greater than 3 storeys or 12 m in height 
shall be 400 mm; 

(b) Maximum spacing of horizontal reinforcement in walls greater than 3 storeys or 1 2 m in height shall 
be 200 mm; 

(c) Horizontal reinforcement shall not be lapped within either 600 mm or 0.2 L^, whichever is greater, 
from the end of the wall. 
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7.4.5.3 Reinforcement outside wall plastic hinge regions 

Outside the potential plastic hinge regions of structural walls the required reinforcement shall comply with 
7.3. 

7.4.5.4 Lap splices in wall plastic hinge regions 

Lap splices may be used in potential plastic hinge regions of walls being part of structures designed using 
a limited ductile or ductile design philosophy, provided the lap length is not less than 60 4) f^^ 
reinforcement having /y = 300 MPa or 105 d^for reinforcement having f^= 500 MPa, and provided that 
where h^/L^ is greater than unity, not more than 50 % of reinforcement is to be lapped at any one level. 

WLappihmdfWieaBmiiifor(^ 
mpdssiblemhd^must-Mt^^cciJtl:^^ 
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7.4.6 Ductility considerations 

7.4-6.1 Maximum neutral axis depth in potential plastic hinge regions 

Except as provided by 7.4.6.4 or 7.4.6.6, cantilever walls with aspect ratio h^/L^ < 3 shall be designed 
such that the neutral axis depth, within the potential plastic hinge region, under the most adverse loading 
condition complies with the following: 

(a) For limited ductile walls: 

(i) For cantilever walls: c < 0.2 L^] 

(ii) For walls with a contraflexure point between adjacent heights of lateral support: 
c<0.45L//Ln. 

(b) For ductile walls: 

c<QALJfi (Eq.7-2) 

unless adequate ductility is confirmed by a special study as provided for in 7.4.6.2. 



C7:4.6X 
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7.4.6.2 Confirmation of available ductility 

For cantilever walls with aspect ratio h^ IL^ > 3, or for wall frames where stiffness of the connecting 
elements is such as to significantly modify basic cantilever action in the walls, a special study shall be 
carried out to ensure that the available displacementductility, measured atthetopof the wall or wall frame 
attains the required structural ductility. For the purpose of assessing section curvatures, the effective 

p^^^ ^ plastic hinge length shall be found from special study or taken as the smaller of half the wall length, or 

Dec '06 Q.2M*IV, but need not be taken less than a quarter of the wall length. 

WhereMeavailablie:0u^^^^ 
3ecessaryM0pti6hsmailableitothMie^^ tOem&of'a highermasdnrySedmp^^ 




7.4.6.3 Ultimate compression strain for unconfined masonry 

For unconfined masonry, the available ductility shall be based on an ultimate compression strain of 
^u = 0.003. 

7.4.6.4 Ultimate compression strain for confined masonry 
Where confining plates in accordance with 7.4.6.5 are placed in critical mortar beds within the potential 

^^^ ^ plastic hinge region, as defined in 7.4.3, available ductility shall be based on an ultimate compression 



Dec '06 strain of e^ = 0.008. 
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7,4,6.5 Requirements for confining plates 

Confining plates placed in potential plastic hinge regions as shown in figure 7.1 to increase ductility shall 

satisfy all the following requirements: 

(a) Be constructed of stainless steel or galvanized steel to the durability requirements of this Standard; 

(b) Have minimum effective area of confining plate in each horizontal direction cut by a vertical section 
of area, s^h\ of: 

/A„ > 0.004 s^h" (Eq. 7-3); 



Amd 1 



(c) Provide confinement from the critical section for a height not less than the extent of the potential 
plastic hinge region defined by 7.4.3 and for a horizontal distance not less than 0.625c or 600 mm, 
whichever is greater, from the extreme compression fibre; 



Dec. '06 I (^) ^^^^ vertical spacing within the potential plastic hinge region not exceeding s^ ^ 200 mm. 



Neutral 

axis 
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(a) Plan of wall 
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[b) Compression strain 




(c) Equivalent rectangular stress block 
where /C=[i+p^ £-] 



Figure 7.1 - Confining plates in potential plastic hinge regions 
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7.4.6.6 Confinement to NZS 3101 where two layers of reinforcement are provided 
Where two parallel layers of vertical reinforcement are provided in the connpression zone of potential 
plastic hinge regions, rectangular hoops or ties shall be used to provide confinement to the requirements 
of NZS 31 01. 



70 



NZS 4230:2004 









f Iffmaspnry'walls'dUsu^^^ taensJoleitwoHyers of veWcali^inf&bemefWfi^ 

'^[adjacmtl^ pntfeswithirr : 

^);einfQf;cemenP^ : ; 

f masontyW0should£^^^ to be tarried^ 

Wgpecifies-:^^ 

7.4.7 Shear strength 

7.4.7.1 General 

The evaluation of wall shear strength shall be in accordance with 10.3. 

7.4.7.2 Confinement reinforcement assumed to contribute to shear strength 

Hoops or ties, where provided for confinement, may be assumed to contribute to the shear strength of 
a wall element. 

7.4.8 Walls with openings 

7.4.8.1 Arrange openings to avoid unintentional failure planes 

Openings in structural walls shall be so arranged that unintentional failure planes across adjacent 
openings do not reduce the shear or flexural strength of the structure. For ductile cantilever walls with 
irregular openings, appropriate analyses such as based on strut-and-tie models shall establish rational 
paths of the internal forces. Capacity design procedures shall be used to ensure that the horizontal shear 
reinforcement will not yield before the flexural strength of the wall is developed. 

fTh0timtUrBlsfgriih^ ofopBtvrigsir)^^ : 

k0ciflityk^ differ-^rgmthe^ designer's a$sump^^ 

iwbdificB^nb^^ 

Ybearn'unJMy;^f^y 

7.4.8.2 Requirements for coupling beams in ductile coupled shear walls 

Walls or elements of ductile coupled shear walls shall be connected by ductile coupling beams. Such 
beams shall comply with the following requirements: 

(a) The compression zone depth in a coupling beam at nominal flexural strength shall not exceed: 



c = 



1.2/7,2 



^ (Eq.7-4); 



(b) The total shear stress, v^ , in coupling beams shall not exceed v^ or the value: 

y ^g (Eq.7-5) 



where v^ is given in 10.3.2.4; 
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(c) Coupling beams shall contain horizontal and vertical reinforcement not smaller than D1 2 bars at not 
greater than 200 mm centres each way; 

(d) Shear design of coupling beams and walls shall be designed to capacity design principles; 

(e) Minimum depth of coupling beams shall be not less than 800 mm; 

(f) Minimum width of coupling beams shall be not less than 190 mm. 

jwalls,:]/^ 

kbe$igiiptcpuf^^ 

}^ihatflew0Mnging^ 

ystrengtliv^^ fpafdgrresp0dinpMP flBxu0lg]^isl0jgth ^4 
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\ (Wb mmlpng?x390im unless' tfrec^^ 
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7.4-8.3 Confirm available ductility of coupling beams 

Ductile coupled masonry shear walls exceeding four storeys in height shall be the subject of a special 
study to confirm that the available ductility of all coupling beams and walls exceed that implied by the 
adopted structural ductility factor ^, 




^l^faUitdings^fSohilitf 
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8 BEAMS 

8,1 Notation 

A^^ Smaller of area of transverse reinforcement within a spacing, s, crossing plane of splitting normal 
to masonry surface containing extreme tension fibres, or atotal area of transverse reinforcement 
normal to the layer of bars within a spacing, s, divided by n, mm^ 

b^ Effective web width, mm 

^max Maximum neutral axis depth, mm 

d Distance from extreme compression fibre to centroid of tension reinforcement, mm 

d|3 Nominal diameter of bar, wire, or in a bundle, the diameter of a bar of equivalent area, mm 

f^ Specified compressive strength of masonry, MPa 

f^ Lower characteristic yield strength of non-prestressed reinforcement, MPa 

fyt Lower characteristic yield strength of transverse reinforcement, MPa 

h Overall depth of component in the plane of loading, mm 

/_d Development length, mm 

/_n Clear vertical distance between lines of effective horizontal support or clear horizontal distance 

between lines of effective vertical support, mm 

M^ Nominal flexural strength of section, Mm 

n Number of bars in a layer 

Pmax Maximum ratio of tension reinforcement 

Pmjn Minimum ratio of tension reinforcement 

s Maximum spacing of transverse reinforcement within L^, or spacing of stirrups or ties or spacing 

of successive turns of a spiral, all measured centre-to-centre, mm 

V Design shear force at section at ultimate limit state, N 

(j) Strength reduction factor, specified in 3.4.7 

fx Structural ductility factor, specified in AS/NZS 1 1 70 







''^"Ci-:^:'^MNeuiral axis dep0MmWtrenie^Mmpression^^^ ^: -Sli^^Sfft-^Sfc' SSv^ ■■■■■■;-^?&; S 



73 



NZS 4230:2004 



'^?S^':-:'^y^^^}f'S\:., 



f::N*m::^-:::. Design axiaMoad mmompmssionatgiyerwcoentriQityiNct :^#^- ::^^^^y;^^^.^;:^-w^^r:;.^^^;;^:rr- :;^iih- -^^^-.^^^ 

'^■Ph ■ -^SgS^P ojd^t}S\Qn reimor^^ ^^^^^-y^iW^---- '^Ifil''^?^^' .^-^ 

8.2 Scope 

The design of all beams, irrespective of the seismic design philosophy, shall comply with 8.3. Clause 8.4 
provides requirements additional to 8,3 for structures that are designed assuming limited ductile or ductile 
behaviour in an earthquake. 

8.3 General principles and requirements for all structures 
8.3,1 General design principles 

8.3.1.1 Design loads 

Beams shall be designed for all vertical, lateral in-plane and face loadings to which they may be subjected 
including provision for eccentric loads. 

8.3.1 .2 Design for flexure with or without axial loads 

Beams subjected to combined flexure and axial loads shall be designed in accordance with the principles 
of 10.2 including the effects of slenderness except as modified by the provisions of 8.3.1 . 
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8.3.1 .3 Design for shear and torsion 

Beams subjected to shear and/or torsion shall be designed to the provisions of 10.3 except as modified 
by the provisions of 8.3.1 . 

8.3.1 .4 Beam-column joints 

Elements that form part of a beam-column joint shall be designed in accordance with section 11. 

8.3.2 Components subjected to pure flexure 

Components subjected to pure flexure shall be designed as beams. 

8.3.3 Beam construction 

8.3.3.1 Grouting beams 

All masonry beams shall be completely grouted. 
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8.3.3.2 Minimum grout space dimensions 

Beams shall be constructed so that the grout spaces have a minimum clear dimension of 60 mm and a 

minimum area of 5 400 mm^. 

8.3.4 Dimensional limitations for beams 

When designing beams the following minimum dimensions apply: 

(a) The minimum width of a beam or web of a flanged T- or L-beam shall not be less than 140 mm; 

(b) The minimum depth of beams in the vertical direction for beams not supporting or attached to 
partitions or other construction likely to be damaged by large deflections, shall be not less than the 
following: 

Simply supported 0.1 L^ 

One end continuous 0.083 L, 

Both ends continuous 0.071 L, 

Cantilever 0.2 L, 

Width of beam subject to horizontal load 0.042 L^ 

Variations from these figures shall be the subject of a special study. 



n 



n 



n 
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8.3.5 T-beams 

8.3.5.1 Effective widths for T-beam 

In T-beam construction, the flange and web shall be built Integrally unless shown by a special study to 

be othenrt^ise effectively bonded together, and the following shall apply; 

(a) The effective width of a flange resisting action due to flexure shall not exceed one quarter of the span 
length of the beam or one third of the height of the shear wall, whichever is appropriate, and the 
effective overhanging flange width on each side of the web shall not exceed: 

(i) Eight times the flange thickness; nor 

(ii) Half the clear distance to the next web. 

(b) For beams or shear walls with a flange on one side only, the effective overhanging slab width 
considered in flexural resistance shall not exceed: 

(i) One twelfth the span length of the beam, or one ninth of the height of the shear wall, whichever 
is appropriate; nor 

(ii) Six times the slab thickness; nor 

(iii) Half the clear distance to the next web. 
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(c) Isolated beams, in which the T-shape is used to provide a flange for additional compression area, 
shall have a flange thickness not less than one half the width of web and an effective flange width not 
morethanfourtimesthe width of web. In such beamstransversereinforcementplaced perpendicularly 
to the beam shall be provided so as to: 

(i) Carry the factored actions on the overhanging slab width assumed to act as a cantilever; 

(ii) Act as shear reinforcement when necessary to ensure flange action; 

(iii) Be placed not further apart than five times the slab thickness, nor 450 mm. 

8.3.5.2 Moment of inertia for T-beams 

In computing the effective moment of inertia of cracked sections, the effective width of the overhanging 

parts of flanged components shall be one half of that given in 8.3.5.1 . 

8.3.6 Longitudinal reinforcement in beams 

8.3.6.1 Maximum diameter of longitudinal reinforcement 

The diameter of longitudinal reinforcement used in a beam shall not exceed: 

(a) One quarter of the least dimension of the grout space or cavity containing reinforcement; nor 

(b) One eighth of the least beam dimension. 
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8.3.6.2 Maximum area of reinforcement in grout space 

The maximum area of reinforcement in a grout space or cavity shall not exceed 8/L times the area of the 
grout space or cavity except that at laps the total area of reinforcement may be 13/L times the area of a 
grout space or cavity. 
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8.3.6.3 Minimum tension reinforcement ratio 

The following minimum tension reinforcement ratios shall apply: 

(a) Except as detailed in 8.3.6.3 (b) and 8.3.6.4, at any positive moment section of a beam where tension 
reinforcement is required by analysis, the ratio calculated using the width of web for a T-beam, shall 
not be less than that given by: 



^min 



= 0.7 ff^ (Eq. 8-1) 



(b) Alternatively, the area of reinforcement provided at every section of a beam for positive and negative 
moment, shall be at least one third greater than that required by analysis but in no case shall p^-^^ be 
less than 0.07 %. 
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8.3.6.4 Maximum tension reinforcement ratio 

The ratio of longitudinal reinforcement provided in beams shall not exceed 0.75 of the ratio that would 

produce balanced strain conditions for the section under flexure without axial load. 
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8.3.7 Development of positive moment reinforcement in beams 

8.3.7.1 Quantity of reinforcement to extend to support 

At least 33 % of the maximum positive moment reinforcement in simple components and 25 % of the 
maximum positive moment reinforcement in continuous components shall extend along the same face 
of the component into the support. In beams, such reinforcement shall extend into the support by at least 
200 mm. 

8.3.7.2 Anchorage at supports of primary lateral load resisting system 

When a flexural component is part of a primary lateral load resisting system, positive moment 
reinforcement required to be extended into the support by 8.3.7.1 shall be anchored to develop the lower 
characteristic yield strength, /y, in tension at the face of support. Anchorage of longitudinal beam 
reinforcement into the column core is detailed in 8.4.4.2. 

8.3.7.3 Limitation of flexural bond stress at supports 

The positive tension reinforcement at simple supports shall be limited in diameter to enable the bars 
extending to the free end of the component to be fully developed from a point M^/V from the centre of 
the support. The value of M^/ V may be increased by 30 % when the ends of reinforcement at the supports 
are confined by a compressive reaction. 

8.3.7.4 Limitation of flexural bond stress at points of inflection 

The positive and negative tension reinforcement at points of inflection shall be limited in diameter to 
enable bars, from a point MJV from the point of inflection to be fully developed satisfying the 
requirements that: 

L,^'^^^2d^ (Eq.8-2) 

The value of M^/V* may be increased by 30 % when the ends of reinforcement are confined by a 
compressive reaction. 

8.3.8 Development of negative moment reinforcement in beams 

8.3.8.1 General 

Negative moment reinforcement in a continuous restrained or cantilever component, or in any component 
of a rigid frame, shall be anchored in or through the supporting component by embedment length, hooks 
or mechanical anchorage. 

8.3.8.2 Development of negative reinforcement 

Negative moment reinforcement shall have an embedment length into the span as required by 6.3.7 and 
6.3.10.3. 

8.3.8.3 Curtailment of negative reinforcement 

At least one third of the total tension reinforcement provided for negative moment at a support shall have 
an embedment length beyond the point of inflection, according to the appropriate bending moment 
envelope, for a distance of not less than 1 .3 times the effective depth of the component. 

8.3.9 Compression reinforcement in beams 

Compression reinforcement shall not be relied upon to enhance the strength of masonry beams, unless 
such reinforcement is supported against lateral buckling to the requirements of NZS 3101. 
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8.3.1 Distribution of flexural reinforcements in beams 

8.3.1 0.1 Flexural reinforcement shall be evenly distributed 

In beams the flexural tension reinforcement shall be evenly distributed within the maximum flexural 
tension zones of a component cross-section. 

8.3.1 0.2 Reinforcement in grout spaces greater than 200 mm wide 

When the width of the grouted space or cavity exceeds 200 mm the beam shall have reinforcement 
adjacent to each vertical face at every horizontal layer of reinforcement used. 

8.3.1 0.3 Reinforcement of flanged beams 

Where the masonry beam has flanges in either masonry or concrete that is in tension, part of the flexural 
tension reinforcement may be distributed within an effective flange width as follows: 

(a) For cantilevers - within the flange width defined in 8.3.5.1 ; 

(b) For beams continuous over supports -within a flange width which does not exceed the width defined 
in 8.3.5.1 nor 0.1 L^, 
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8.3.1 0,4 Distribution of reinforcement in beams greater than 800 mm deep 

If the overall depth of a beam exceeds 800 mm then longitudinal reinforcement with an area of 0.14 % 
shall be distributed in the flexural tension zone with a vertical spacing of not more than 400 mm. Where 
such reinforcement is included in strength computations a strain compatibility analysis shall be made to 
determine stresses in the individual bars. 
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8-3.1 1 Stirrup and tie reinforcement in beams 

All beams shall have minimum stirrup and tie reinforcement to the provisions of this section. 

8.3.1 1 _1 Diameter limitations of stirrup and tie reinforcement 

Rectangular hoop or tie reinforcement for beams shall be at least 6 mm in diameter for longitudinal bars 
less than 20 mm in diameter, and 1 mm in diameter for longitudinal bars being 20 and 25 mm in diameter 
and for bundled longitudinal bars. 

8-3,1 1 .2 Longitudinal reinforcement shall be enclosed 

Stirrup or tie reinforcement shall enclose the longitudinal reinforcement in beams. 

8.3. 1 1 .3 Spacing of stirrups and ties 

Centre to centre spacing and arrangement of stirrup or tie reinforcement shall not exceed the smaller of 
the least lateral dimensions of the cross-section of a component, 0.5/7, 16 longitudinal bar diameters or 
48 bar diameters. 

8.3-1 1 -4 Spacing of shear reinforcement 

Spacing of shear reinforcement, placed perpendicular to the axis of the component, shall not exceed 0.5/? 

nor 600 mm for beams. 

8.3.1 1 .5 Detailing requirements for stirrups and ties 

Stirrup and tie reinforcement shall be anchored by at least a 1 35° bend around a longitudinal bar plus an 
extension beyond the bend of at least 8 stirrup or tie bar diameters. Alternatively, the ends of the stirrup 
shall be spliced by welding to develop the breaking strength of the bar or 1 .6 fy, whichever is smaller. 

8.3. 1 2 Distance between lateral supports of beams 

8.3.12.1 

Spacing of lateral supports for a beam shall not exceed 30 times the least width of the beam, 

■&The^lim 
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8.3.12.2 

The effects of lateral eccentricity of load shall be taken into account in determining spacing of lateral 
supports. 

8.3.13 Deep beams 

8.3.1 3.1 Definition of deep beam 

Beams with overall depth to clear span ratios greater than 0.4 for continuous spans, or 0.8 for simple 
spans, shall be designed as deep beams taking into account non-linear distribution of strain and lateral 
buckling. 

8.3.1 3.2 Shear design of deep beams 

The design of deep beams for shear effects shall be in accordance with 10.3.2.16. 

8.3.13.3 Minimum flexural reinforcement 

Minimum flexural reinforcement for deep beams shall conform to the requirements for beams. 
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8.3.1 3.4 Minimum horizontal and vertical reinforcement 

The minimum horizontal and vertical reinforcement for deep beams shall be not less than the minimum 

reinforcement required for structural walls. 

8.4 Principles and requirements additional to 8.3 for structures designed using a limited ductile 
or ductile seismic design philosophy 

8.4.1 Design to be compatible with principles in section 3 

Dec '06 I '^ ^'^^ design of earthquake resisting ductile beams subjected to seismic actions at the ultimate limit state, 
the requirements of 3.7.3 for limited ductile beams and 3.7.4 for ductile beams shall be satisfied. 

8.4.2 Dimensional limitations for beams 



;'}?h\ 
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SA.2A Minimum width of compression face of beam 

The width of the compression face of a beam with rectangular T- or L-section shall be not less than 

190 mm nor the value given by Equations 8-3 and 8-5. 

8.4.2.2 Minimum depth of beam 

The overall depth of a beam shall be not less than 390 mm nor the value given by Equations 8-4 and 
8-6. 

8.4.2.3 Depth, width and clear span limitations for beams with moments at each end 

Depth, width, and clear length between the faces of supports of components with rectangular cross- 
section, to which moments are applied at both ends by adjacent beams, columns, or both, shall be such 
that: 

/-n/^,^20 (Eq.8-3) 

and 

L^h/bJ ^ 80 (Eq. 8-4) 

8.4.2.4 Depth, width and clear span limitations for cantilevered beams 

Depth , width , and clear length from the face of support of cantilever beams with rectangular cross-section, 
shall be such that: 

/-n /^y ^ 10 (Eq. 8-5) 

and 

L^h/b^^ ^ 40 (Eq. 8-6) 

8.4.2.5 Width of T'beams 

The limiting values specified in Equations 8-3 and 8-5 may be Increased by 50 % where the width of 
T- and L-beams comply with 8.3,5.1. 

8.4.2.6 Dimension of beam-column joints 

Dimensions of joints between beams and columns shall comply with the minimum dimensions set out in 
11.4.2. 
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8.4.3 Reinforcement in beams 










8.4.3. 1 Extent of potential plastic hinge region 

Potential plastic hinge regions in beams shall be considered to be as follows: 

(a) Where the critical section is located at the face of a supporting column, wall or beam: 

Over a length equal to the beam depth, measured from the critical section towards midspan; 

(b) Where the critical section is located at a distance not less than the beam depth, /?, away from a column 
or wall face: 

Over a length that commences between the column or wall face and the critical section, at least 0.5/? 
from the critical section, and extends at least 0.5/7 past the critical section towards midspan. 
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8,4.3.2 Longitudinal reinforcement in potential plastic hinge region 

Within the potential plastic hinge region of a beam the following longitudinal reinforcement requirements 

shall apply: 

(a) When the hinge region of the beam is not confined to the requirements of NZS 3101, the tension 
reinforcement shall be such that the depth from the extreme compression fibre to the neutral axis shall 
not exceed c^^^, where: 

c = ''■^^^ (Eq. 8-7); 

''max , \ ^ /' 

(b) The reinforcement ratio calculated using the width of the web shall not exceed: 

n = M (Eq. 8-8); 

(c) Minimum reinforcement shall consist of D12 bars at a maximum spacing of 200 mm centres; 

(d) Principal tension reinforcement shall not be lapped or terminated; 

(e) Beams with two or more bars in each layer shall have the bars restrained against buckling by ties in 
accordance with NZS 3101. 
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8.4.3.3 Longitudinal reinforcement outside potential plastic hinge region 

Throughout the length of a beam, the following additional longitudinal reinforcement requirements shall 
apply: 

(a) At least one D12 bar shall be provided both top and bottom throughout the length of the beam; 

(b) At least one quarter of the top flexural reinforcement required at either end of a beam shall be 
continued throughout its length. 

8.4.3.4 Transverse reinforcement 

Transverse reinforcement inside and outside the potential plastic hinge region shall comply with the 
relevant requirements of NZS 31 01 . 

8.4.3.5 T-beams 

In T- and L-beams built integrally with slabs, the slab longitudinal reinforcement to be considered effective 
as beam reinforcement shall be determined in accordance with NZS 3101. 

8.4.3.6 Reinforcement bar diameter limitations 

Where beam bars pass through a joint, the beam bar diameter limitations shall comply with 1 1 .4.2.2. 

8.4.4 Development of flexural reinforcement 

8.4.4.1 Attainment of flexural overstrength in potential plastic hinges 

For structures designed using a limited ductile or ductile seismic design philosophy, the distribution and 
curtailment of the longitudinal flexural reinforcement shall be such that the flexural overstrength of a 
section can be attained at critical sections in potential plastic hinge regions. 

8.4.4.2 Anchorage into columns 

When longitudinal beam bars are anchored in column cores or beam stubs, the anchorage shall be 
deemed to commence: 

(a) Where potential plastic hinge regions form in the beams at the column face, one-half of the relevant 
depth ofthe column or lOof^, whichever is less, from thefaceatwhich the beam barenters the column; 
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(b) Where the critical section of the hinge is at a distance of at least the beam depth or 500 mm, whichever 
is less, from the column face, the development length may be considered to commence at the column 
face of entry; 

(c) For elastic or nominally ductile structures the development length may be considered to commence 
at the column face of entry. 

8.4.4.3 Confinement required at splices for beams 

Tensile reinforcement in beams shall not be spliced by lapping in a region where reversing stresses at 
the ultimate limit state may exceed 0.6 fy in tension or compression unless each spliced bar is confined 
by stirrup ties so that: 

Al^^.^ (Eq. 8-9) 

s 48fyt 
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9 COLUMNS 

9.1 Notation 

A^ Usable area of masonry section, mm^ 

/Ag^ Total area of longitudinal reinforcement, mm^ 

b^ Effective web widtli, mm 

c Neutral axis depth from extreme compression fibre, mm 

*^max Maximum neutral axis depth, mm 

El Flexural stiffness of a component 

E^ Modulus of elasticity of masonry, MPa 

f^ Specified compressive strength of masonry, MPa 

/y Lower characteristic yield strength of non-prestressed reinforcement, MPa 

h Overall depth of component in the plane of loading, mm 

/g Moment of inertia of gross masonry section about the centroidal axis, neglecting reinforcement, 

mm"^ 

L^ Clear vertical distance between lines of effective horizontal support or clear horizontal distance 
between lines of effective vertical support, mm 

M* Design moment for a component, Nm 

N* Design axial load in compression at given eccentricity, N 

A/* Design axial load in compression at given eccentricity due to gravity and seismic load acting on 
a component during an earthquake, N 

A/q Nominal axial compressive strength when the axial load is applied at zero eccentricity, N 

/3d Ratio of maximum design dead load moment to maximum design total load moment, always 

positive 

Strength reduction factor, specified in 3.4.7 

ILL Structural ductility factor, specified in AS/NZS 1 1 70 

9.2 Scope 

The design of all columns, irrespective of the seismic design philosophy, shall comply with 9.3. Clause 
9.4 provides requirements additional to 9.3 for structures that are designed assuming limited ductile or 
ductile behaviour in an earthquake. 
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9.3 General principles and requirements for all structures 

9.3.1 General design principles 

9.3.1.1 Design loads 

Columns shall be designed for all axial, lateral in-plane and face loadings to which they may be subjected 
including provision for eccentric loads. 

9.3.1 .2 Design for flexure with or wittiout axial loads 

Columns subjected to combined flexure and axial loads shall be designed in accordance with the 
principles of 10.2 including the effects of slenderness except as modified by the provisions of 9.3.1 . 

9,3,1-3 Design for shear and torsion 

Columns subjected to shear and/or torsion shall be designed under the provisions of 10.3 except as 

modified by the provisions of 9.3.1 . 

9,3,1,4 Beam-column joints 

Columns that form part of a beam-column joint shall be designed in accordance with section 1 1 . 

9.3.2 Column construction 

9.3.2.1 Grouting columns 

All masonry columns shall be completely grouted. 

9.3.2.2 Minimum grout space 

The following requirements shall be observed for grout spaces: 

(a] Columns shall be constructed so that the vertical grout spaces shall have a minimum clear dimension 
of 60 mm and a minimum area of 5 400 mm^ 

(b) A column grout space containing 4 bars shall have minimum clear grout space dimensions of 

150 mm X 150 mm. 

^''e^W2^^^^^^^^^ ■■ ■ ■ ■■^-;3^''" .■■■ ":&*■■ : -M" .. :..^9^''' - ...^-^S: ■", ji^..;S*^t ■:' -^ i. , 
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f Figure 9-1 - typical ppnstructioriW alternating courses; 

9.3.3 Dimensional limitations of columns 

The minimum dimension of a column shall be not less than 240 mm nor the dimension given by either 

0.05 /_n or 9.4.2. 
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9.3.4 Effective width for pilasters 

Pilasters may be designed as T-beams provided the net design axial load N* does not exceed 
0.1^f^>A^. The limitations of 8.3.5 and 8.4 shall apply. 

9.3.5 Longitudinal reinforcement in columns 

9.3.5.1 Maximum diameter of longitudinal reinforcement 

The diameter of longitudinal reinforcement used in a column shall not exceed: 

(a) One quarter of the least dimension of the grout space or cavity containing reinforcement; nor 

(b) One twelth of the least column dimension. 

9.3.5.2 Maximum area of reinforcement in grout space 

The maximum area of longitudinal reinforcement in a grout space or cavity shall not exceed 1 0/fy times 
the area of the grout space or cavity, except that at laps the total area of reinforcement may be 1 5/fy times 
the area of grout space or cavity. 
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9.3.5.3 Minimum longitudinal reinforcement 

The minimum longitudinal reinforcement for a column shall be 4 bars in a rectangular arrangement whose 

total area exceeds the greater of: 

(a) 400 mm^; or 

(b) 1.4^^/fy. 

9-3,6 Transverse reinforcement in columns 

All columns shall have minimum transverse reinforcement to the following provisions. 

9-3.6.1 Minimum diameter of hoop reinforcement 

Rectangular hoop or tie reinforcement for columns shall be at least 6 mm in diameter for longitudinal bars 
less than 20 mm in diameter, and at least 1 mm in diameter for longitudinal bars being 20 and 25 mm 
in diameter and for bundled longitudinal bars. 

9.3.6.2 Hoops to enclose all longitudinal bars 

Rectangular hoop or tie reinforcement shall enclose all longitudinal bars. 

9.3.6.3 Spacing of hoop reinforcement 
Ties for columns shall be placed as follows: 

(a) Centre-to-centre spacing of ties along the component shall not exceed the smaller of the least lateral 
dimension of the cross-section of a component, 0.5/7, 16 longitudinal bar diameters, or 48 bar 
diameters; 
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(b) Ties shall be arranged so that every corner bar and at least every alternate longitudinal bar is 
laterally supported by a corner of a tie with an included angle of not more than 1 35°. No unsupported 
longitudinal bar shall be further than 150 mm clear on each side along the tie from a laterally 
supported bar." 



9.3.6.4 Hoop required at changes in direction of longitudinal reinforcement 

Where longitudinal bars are offset, the slope of the Inclined portion of the bar with the axis of the column 
shall not exceed 1 in 6, and the portions of the bar above and below the offset shall be parallel to the axis 
of the column. Adequate horizontal support at the offset bends shall be treated as a matter of design, and 
shall be provided by ties, spirals or parts of the floor construction. Ties or spirals so designed shall be 
placed not more than 1 50 mm from the point of bend. The horizontal thrustto be resisted shall be assumed 
as 1 .5 times the horizontal component of the nominal force in the inclined portion of the bar, assumed to 
be stressed to f^. 
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9.3.6.5 Rectangular hoop and tie reinforcement for large columns 

Spacing and arrangement of tie reinforcement in masonry units providing a grout space with a cross- 
section area of 50 000 mm^ or more shall conform with NZS 3101. 
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9.3,7 Column maximum design axial load 

For columns, the maximum design axial load in compression, A/* at a given eccentricity stiall not exceed 

O.70A/q wtiere: 

A^ = 0.85 ^ {A^ - /\st ) + ^^st • • (Eq- 9-1) 

9.3-8 Column design loads 

Columns shall be designed for the most unfavourable combination of design moment, M*, and design 

axial load, A/*. 

9.3,9 Approximate evaluation of slenderness effects for columns braced against sidesway 

The maximum design moment, M* , shall be magnified for slenderness effects in accordance with the 

requirements of NZS 3101 , except that for masonry the value of El may be calculated from: 

£1^ ^m/g (Eq. 9-2) 

(1 + ^d)^ 

9.4 Principles and requirements additional to 9.3 for structures designed using a limited 
ductile or ductile seismic design philosophy 

9.4.1 Design to be compatible witii principles in section 3 

In the design of earthquake resisting ductile columns forming part of a limited ductile or ductile frame 
Dec'06 I subjected to seismic actions at the ultimate limit state, the requirements of 3.7.3 for limited ductile 
columns and 3.7.4 for ductile columns shall be satisfied. 

9.4.2 Dimensional limitations for columns 

9.4.2.1 Depth, width and clear span limitations for columns with moments at each end 

Depth, width, and clear length between the faces of supports of components with rectangular cross- 
section, to which moments are applied at both ends by adjacent beams, columns, or both, shall be such 
that: 

/-n lb^< 20 (Eq. 9-3) 

and 

/_nrt/V < 80 (Eq. 9-4) 

9.4.2.2 Depth, width and clear span limitations for cantilevered columns 

Depth, width, and clear length from the face of support of cantilever components with rectangular cross- 
section, shall be such that: 

Lnlb^sW (Eq.9-5) 

and 

L^h/b^^ ^ 40 (Eq. 9-6) 

9.4.2.3 Dimension of beam-column joints 

Dimensions of joints between beams and columns shall comply with the minimum dimensions set out 
in 11.4.2. 
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9.4.3 Reinforcement in columns 

9.4.3.1 Extent of potential plastic hinge region 

Potential plastic hinge regions in columns shall be considered to be the end regions adjacent to moment 

resisting connections over a length from the face of the connection as follows: 

(a) Where AT < 0.30 f^A^ , not less than the larger of the section depth or the region of the component 
where the moment exceeds 0.8 of the maximum moment at that end of the component; 

(b) Where AT > 0.30 f^A^ , not less than the larger of 1 .5 times the section depth or the region of the 
component where the moment exceeds 0.7 of the maximum moment at that end of the component. 



9.4.3.2 Longitudinal reinforcement in potential plastic hinge regions 

Throughout the column, the following longitudinal reinforcing requirements shall apply: 

(a) Where a/* < OA0f^A^ the column shall be reinforced in accordance with 7.4.5.1 and 7.4.5.2; 

(b) Where transverse reinforcement which complies with 9.3.6 is provided throughout the column, the 
maximum longitudinal reinforcement within the potential plastic hinge region shall be such that the 
depth from the extreme compression fibre to the neutral axis shall not exceed c^^^, where: 

c -Jl- (Eq.9-7) 

(c) Where transverse reinforcement is provided throughout the column which complies with NZS 31 01 
the maximum longitudinal reinforcement shall not exceed the limits given in 9.3.5.2. 
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9.4.3.3 Rectangular hoop and tie reinforcement for columns 

In masonry columns, which provide a single grout space having a cross-sectional area of not less than 
50 000 mm^, the area and limits on spacing and arrangement of rectangular hoops with or without 
supplementary cross-ties in components shall conform to NZS 31 01 . 
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9.4.3.4 Minimum diameter of supplementary cross-ties 

The diameter of supplementary cross-ties shall be not less than the diameter of the peripheral hoop. 

9.4.3.5 Details of hoop and tie reinforcement 

Hoop reinforcement shall be anchored by at least a 1 35° stirrup hook. Alternatively the ends of the hoop 
bar shall be welded to develop the breaking strength of the bar or 1 .6fy, whichever is smaller. Each end 
of a supplementary cross-tie shall engage a longitudinal bar with at least a 135° stirrup hook. 

9.4.4 Column maximum design axial load 

For columns, the maximum design axial load in compression A/* , at a given eccentricity, shall not 
exceed 0.6 (pf^A^ unless it can be shown that A/* is less than 0.6 (pN^ where: 

N^ = 0.85 f^{A^- A,^)^f^A,^ (Eq.9-8) 

9.4.5 Column load magnification factors 

For frames where sidesway mechanisms with potential plastic hinges forming only in columns are not 
permitted by AS/NZS 1 170, the design moments and axial loads on columns shall include the effect of 
possible beam overstrength, and magnification of column moments due to dynamic effects, in order to 
provide a high degree of protection against hinging of the columns. Design shall follow the principles set 
out in NZS 3101. 
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10.2 Flexure with or without axial load 

10-2,1 Scope 

The provisions of this clause shall apply to the design of components for flexure with or without axial loads. 

1 0.2.2 General design principles and requirements for all structures 

10.2.2.1 General principles 

Strength design of components for flexure with or without axial loads shall be based on assumptions given 
in 10.2.2.2 to 10.2.2.6 and on satisfaction of applicable conditions of equilibrium and compatibility of 
strains. 

10.2.2.2 Strain distribution 

Strain in reinforcement and in masonry shall be assumed directly proportional to the distance from the 
neutral axis, except that for deep beams with overall depth to clear span ratios greater than 2/5 for 
continuous spans and 4/5 for simple spans, a non-linear distribution of strain shall be considered (see 
8.3.13). 

10.2.2.3 Maximum masonry strain 

The maximum usable strain at the extreme compression fibre shall be 0.003 for unconfined masonry and 
0.008 for masonry confined in accordance with the requirements of 7.4.6.5. 
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10.2.2.4 Reinforcing steel stress 

Stress in reinforcement below the lower characteristic yield strength, fy, for the grade of reinforcement 
used shall be taken as Eg times steel strain. For strains greater than that corresponding to /y, stress in 
reinforcement shall be considered independent of strain and equal to fy. 

1 0.2.2.5 Tensile strength of masonry neglected 

Tensile strength of masonry shall be neglected in flexural calculations of reinforced masonry, except 
when meeting the requirements of table A1 . 

10.2.2.6 Masonry stress/strain relationship 

The relationship between masonry compressive stress distribution and masonry strain may be assumed 
to be as follows: 

(a) Masonry stress/strain condition - no confining plates 

For an extreme fibre compression strain of 0.003 corresponding to unconfined masonry an equivalent 
rectangular masonry stress distribution may be used as defined by the following: 

(i) Masonry stress of 0. 85 f^; shall be assumed uniformly distributed over an equivalent compression 
zone bounded by the edges of the cross-section and a straight line located parallel to the neutral 
axis at a distance of a = 0.85c from the fibre of maximum compressive strain; 
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(ii) Distance cfrom the fibre of maximum compressive strain to the neutral axis shall be measured 
in a direction perpendicular to that axis. 

(b) Masonry stress/strain condition - confining plates 

For an extreme fibre compressive strain of 0.008 for masonry confined in accordance with the 
requirements of 7.4.6.5 use of an equivalent rectangular masonry stress distribution may be used as 
defined by the following: 

(i) Masonry stress of 0. 9 /<'/^ shall be assumed uniformly distributed over an equivalent compression 
zone bounded by edges of the cross-section and a straight line located parallel to the neutral axis 
at a distance a= 0.96c from the fibre of maximum compression strain where: 

K = ^■^p/f■ (Eq. 10-1) 

(ii) Distance cfrom the fibre of maximum compression strain to the neutral axis shall be measured 
in a direction perpendicular to that axis. 

(c) Alternative stress/strain relationships 

Alternatively, the relationship between masonry compressive stress distribution and masonry strain 
may be assumed to be rectangular, trapezoidal, parabolic or any other shape that results in prediction 
of strength in substantial agreement with results of comprehensive tests. 

gc7{X2.2Jl>//^^^-^^^ ''5::. / '^"^^ ^^^^ ■■■;^:-^^ --w; ■'■5., ■■'■'■■ .^,,;;;;^:;^^^ 

found tc>^igiveJreasonabie:^^^ and the results of 

^ iests3g Te^s on confined masom^ in Reference^ W^f^^how at cqrppresslva strains 

0pfoa0iin^^ 

■ -''strength. ^'^'-^^^^^^^ , 



WesWisfributior} of iO. 2.2. 6(b) m&eac&rMelypfedi^ 



1 0.2-2,7 Balanced strain conditions 

Balanced strain conditions exist at a cross-section of a beam when the centroid of tensile force provided 
by reinforcement reaches the strain corresponding to its lower characteristic yield strength, f^, just as 
masonry in compression reaches its assumed ultimate strain of 0.003. 

10.2,2,8 Bearing strengtii 

The nominal bearing strength of masonry shall be taken as not greater than 0.65 ff!^A^. 



rp^^fP^v-^: 
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1 0.2.3 Principles and requirements additional to 10.2.2 for structural component design using a limited 
ductile or ductile design philosophy 

10,2,3,1 Flexural strength for limited ductile masonry 

Where capacity design principles are not applied for limited ductile structures the flexural strength 

provided outside the designated potential plastic hinge regions shall be such that: 

(PM^> Mq+ /Wq, + 1.5M* (Eq.10-2) 

Alternatively, capacity design principles may be applied as specified in 3.7.3.2. 
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1 0.3.2,7 Shear stress provided by masonry under axial load 

The shear strength enhancement resulting from axial load is considered as an independent component 

of shear strength, resulting from a diagonal strut. 



^p = 0.9 
where 



b^d 



tana (Eq. 10-7) 



(a) A/* shall not be taken greater than 0.1 f^A^] and 

(b) v^ shall not be taken greater than 0.1 f^\ and 

(c) In determining the shear stress provided by axial load, v^, effects of axial tension, including tension 
from creep and shrinkage and from differential temperature, shall be considered. 
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10.3.2.8 Shear reinforcement 
Shear reinforcement may consist of: 

(a) Stirrups or ties perpendicular to the axis of the component; 

(b) Stirrups making an angle of 45° or more with the longitudinal tension bars; 

(c) Spirals; 

(d) Horizontal wall reinforcement terminating in a standard hook or bend at each end. 

Many/ of the^typesof stiear^^ 10.3.2Sarejmf)fa& 

tr.(^onsthjctfghln::m^ sa^ttjaf futu%develppmentsa^^^ bf 

restrictive^clauses, ' ■■■ >^'^*ai:v, „, ''■■^%:' ■ ■ %,. ' ■^■■■&:^;.. , ■ ■ ■■■m-: '^'-'- ■■^■|^''''' Sss>r:,.^^ /■■■■■ '^^tS',: ;. - ■ t '■. 

10.3.2.9 Stiear reinforcement details 

Shear reinforcement shall extend to at least a distance, d, from the extreme compression fibre of the 
component and shall be anchored at both ends to develop the lower characteristic yield strength of 
reinforcement. 
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1 0.3.2-1 Spacing of shear reinforcement 

Spacing of shear reinforcement, placed perpendicular to the axis of the component, shall not exceed: 

(a) 0.5d nor 600 mm for beams and columns; 

(b) 0.5 /-^ for walls. 

1 0.3.2.1 1 Design of shear reinforcement 

The following shall be considered when designing shear reinforcement: 

(a) When the required shear stress, i/^, exceeds the shear stress provided by masonry, i/p^, and provided 
by axial load, \/p, then shear reinforcement shall be provided for the difference, ( Vp ~ ^m ~ ^p)' 

(b) When shear reinforcement perpendicular to the axis of the component is used, the required shear 
stress provided by shear reinforcement, A^, within a distance, s, shall be not less than: 

u ^CsM (Eq.10-8) 

where 

(i) For walls: C3 = 0.8; 

(ii) For beams and columns: C^ = 1 .0. 

(c) Where shear reinforcement is required by 1 0.3.2.1 1 (a) a minimum area shall be given by: 

Q-''5fawg (Eq. 10-9) 
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10.3.2.12 Components loaded in torsion 

For components loaded in torsion the following applies: 

(a) If the torsion in the component is required to maintain the equilibrium in the structure, and if the 
magnitude of the required nominal strength exceeds 0.20 >A^o^m^g - where i^g is given in 10.3.2.4, 
torsional reinforcement shall be provided to the requirements of NZS 3101. 

(b) If the torsion in the component arises because the component must twist to maintain compatibility, 
the effect of torsion on the component may be neglected, provided that the shears in the structure 
are computed assuming no torsional stiffness of the component. Minimum torsional requirements 
of NZS 3101 shall apply when the torsional shear stress exceeds 0.2 v^, where i^g is given in 1 0.3.2.4. 
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10.3.2.13 Shear friction 

Provisions of this clause may be applied where it is appropriate to consider shear transfer across a given 

plane such as an existing or potential crack, or an interface between dissimilar materials. 

(a) A crack shall be assumed to occur along the shear plane, with relative displacement along the 
assumed crack resisted by friction maintained by shear-friction reinforcement across the assumed 
crack. Shear-friction reinforcement shall be placed approximately perpendicular to the assumed 
crack. 

(b) The required area of shear friction reinforcement A^^ shall be given by: 

A^^ . Ifi^»A/*l - - (Eq- 10-10) 

where the coefficient of friction, ^f, shall be: 

(i) For grout placed monolithically , or when placed against previously hardened concrete where the 
interface is clean, free of laitance, and intentionally roughened to a full amplitude of not less than 
3 mm ju^= 1.0 

(ii) For grout placed against hardened grout or concrete where the interface is clean and free of 
laitance but has not been intentionally roughened; or for grout placed against as-rolled structural 
steel in accordance with 10.3.2.15 f^ = 0.7 

(c) Shear stress, v^, shall not exceed the value Vg given in 1 0.3.2.4 and shall be calculated from the net 
area over a length of the component which does not exceed 300 mm each side of the centreline of 
reinforcement, nor the centre to centre spacing of the reinforcing crossing the potential crack. 
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1 0.3.2.1 4 Detailing of shear-friction reinforcement 

Shear-friction reinforcement shall be evenly distributed across the assumed crack and shall be 
adequately anchored on both sides by embedment, or, where adequacy is established by special study, 
by welding to special devices. 

1 0.3.2.1 5 Shear transfer between masonry and steel 

When shear is transferred between masonry and rolled steel, steel shall be clean and free of paint or other 
material detrimental to the maintenance of a sound bond. 
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1 0-3.2.1 6 Special provisions for deep beams 

The provisions of NZS 3101 shall apply, except that v^ shall be replaced by v^^n throughout, where i^^^ is 

given in 1 0.3.2.5 and 1 0.3.2.6. 

10.3.2.17 Special provisions for brackets and corbels 

For brackets and corbels the provisions of NZS 3101 shall apply. 

1 0.3.2.1 8 Special provisions for shear from face loads 

The following special provisions apply to shear from face loads: 

(a) Total shear stress, v^, shall be calculated from the area equal to the effective depth, d, multiplied by 
the width of the filled grout spaces, b^, (see figure 10.1) as follows: 

(i) For fully grouted construction in running bond, b^ shall be the lesser of Sl, or 4t; 

(ii) For fully grouted construction in stack bond, b^j shall be the lesser of Sl, or 3t; 

Dec '06 I ('") ^^^ partially grouted construction, b^ shall be equal to the width of the grouted cells containing 
longitudinal reinforcement resisting face load bending moment. 

(b) Total shear stress, Vp,, calculated from the effective areadefined in (a) shall not exceed v^rn^^s follows: 



Amd1 



(i) Observation Type A masonry: v^^n = 0-30 MPa or 0.3(0.1 f^ + ATMg) whichever Is the 
Dec •06 greater, except that 0.1 f^ shall not be taken greater than 1 .6 MPa and that (0.1 f^ + ATMg) 

shall not be taken to exceed 2.4 MPa; 

(ii) Observation Type B masonry: v^ = 0.24 + 0.3 ATMg but < 0.56 MPa; 

Dec '06 I ('•') Observation Type C masonry: v^ = 0.15 MPa; 

Unless: 

(A) Shear reinforcement is provided to carry the excess shear, (i/p- v^); or 

(B) It can be demonstrated with reference to the provisions of 1 0.3.2.1 3 that, for the case of a face- 
loaded cantilever wall which is not required to exhibit ductility in the in-plane direction, sufficient 
shear friction can be mobilized to resist v^^. 

(c) Shear strength required to resist face loads in the vicinity of concentrated loads or reactions shall be 
in accordance with the special provisions for slabs and footings in NZS 3101 . 
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^s^ightWu^ shear:f0tidr^gehemt^ 

1 0.3.3 Principles and requirements additional to 10.3 for components designed using a limited ductile 
or ductile seismic design piiilosophy 

1 0.3.3.1 Siiear strength for limited ductile masonry 

Where capacity design principles are not applied for limited ductile structures, shear strength shall have 
a suitable margin over the required flexural strengths, such that: 

<PK^V^^Vo,^^V^ -.- ■ (Eq. 10-11) 

Alternatively, capacity design principles may be applied as detailed in 3.7.3.2. 

10.3.3.2 Siiear strength 

In designing for shear strength the following shall be considered: 

(a) The design shear force in components subjected primarily to flexure shall be determined from 
Dec '06 I considerations of transverse actions on the component, with the flexural overstrength being 
developed at the most probable location of critical sections within the component or in adjacent 
components, together with the gravity load at the appropriate load factor. 



(b) The design shear force in components subjected to combined flexure and axial load shall be 
determined from considerations of static actions on the component, with the worst likely combination 
of the maximum likely end moments, and where appropriate with flexural overstrength being 
developed at critical sections. 

(c) In applying Equation 10-3 to the design of cross-sections where the shear force is calculated in 
accordance with (a) and (b), a strength reduction factor = 1 .0 shall be adopted. 
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Figure 10.5 - Relationship between ductility and masonry shear resisting mechanism 



1 0.3.3.3 Shear strength provided by masonry 

In all potential plastic hinge regions of beams, columns, and walls the masonry shear stress v^ shall be 
as detailed in 10.3.2.5 and 10.3.2.6. 

10.3.3.4 Length of potential plastic hinge region 

The potential plastic hinge length is given in 7. 4.3forwalls, in 8. 4. 3.1 for beams, and in 9. 4.3.1 forcolumns. 
For detailing purposes the length of the potential plastic hinge regions of a component, shall be taken as 
the extent of the potential plastic hinge for flexure. 

1 0.3.3.5 Shear reinforcement details 

Within potential plastic hinge regions, the maximum spacing of shear reinforcement perpendicular to the 
axis of the component shall not exceed h/A- for beams and columns, and L^ M for walls. 

\:,;jHepmvlsiphs dfi^. WsfSiapplypriiy^^ potential plastic hing^iegtorr^e^ ■ 

^8A.MUor^heamB^ 9:4':3Mhr columns^ ipui$ide such area0the conventional prgyis^^ i 

... 1 0,3.2. 1 dmayiie usedJi^ithin Beams arid columnsfsffear reinfiirgernent^utd normally be-spaced ' 
"^'notifMherap^riW^^ 

10.3.3.6 Openings in the web 

The placement of openings in the web of flexural components shall be such that potential failure planes 
across such openings cannot occur. 

(a) Small openings 

Small openings shall be defined and restricted by the following: 

(i) Small rectangular or circular openings may be placed in the mid-depth of the web provided that 
cover requirements to longitudinal and transverse reinforcement are satisfied, and the clear 
distance between such openings, measured along the component, is not less than 400 mm. The 
maximum dimensions of a small opening in any direction within the plane of a component shall 
not exceed one eighth of the total depth or one eighth of the unsupported length of the component. 

(ii) Webs with openings larger than that permitted by (i) shall be subject to special study to ensure 
that the forces and moments are adequately transferred in the vicinity of the openings. >. 
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(b) Large openings 

Large openings shall be defined and restricted by tine following: 

(i) An opening is considered large wiiere the largest dimension of an opening exceeds one quarter 
of the total depth or one quarter of the unsupported length of the component. Except as provided 
by (iv) the height of openings in beams and the width of openings in columns or walls shall not 
exceed 0.33 h nor shall the edge of an opening be closer than 0.3 h to the compression face of 
the component. Such openings shall not be placed in the web where they could affect the flexural 
or shear capacity of the component, nor where the total shear exceeds 0.5 Vg, nor in potential 
plastic hinge regions unless designed to (iv). 

(ii) For openings defined by (i), longitudinal and transverse reinforcement shall be placed in the 
compression side of the web at one side of the opening to resist 1 .5 times the shear and moment 
generated by the shear across the opening. Shear transfer in the tension side of the web on the 
other side of the opening shall be neglected. 

(iii) Transverse web reinforcement, extending over the full depth of the web, shall be placed adjacent 
to both sides of a large opening over a distance not exceeding half of the effective depth of the 
component to resist twice the entire design shear across the opening. 

(iv) Where large openings occur within potential plastic hinge regions, or where openings exceed the 
dimensional limitationsofl 0.3.3.6 (a)(i), the modification to structural behaviourof the component 
shall be determined by a special study, and the component shall be designed to transmit the 
seismic actions in the modified form. 
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1 1 BEAM-COLUMN JOINTS 

11.1 Notation 

A^ Total area of effective horizontal joint shear reinforcement, mm^ 

Ay Total area of effective vertical joint shear reinforcement, mm^ 
b^ Overall width of column, mm 

c/bb Diameter of longitudinal beam reinforcement passing through joint, mm 

c/bc Diameter of longitudinal column reinforcement passing through joint, mm 

/y Reinforcement yield strength, MPa 

/?b Overall depth of beam, mm 

h^ Overall depth of column, mm 

Vg Maximum permitted type-dependent total shear stress, defined in 1 0.3.2.4, MPa 

i/jh Nominal horizontal shear stress in joint core, MPa 

v^ Maximum permitted grade-dependent shear stress provided by masonry, defined in 10.3.3.3, 
MPa 

l/jh Total horizontal shear force across a joint, N 

Vjy Total vertical shear force across a joint, N 

V^^ Nominal horizontal joint shear strength provided by masonry shear resisting mechanism only, N 

V^y Nominal vertical joint shear strength provided by masonry shear resisting mechanism only, N 

V^^ Nominal horizontal joint shear strength provided by horizontal joint shear reinforcement, N 

l/gy Nominal vertical joint shear strength provided by vertical joint shear reinforcement, N 

(p Strength reduction factor as specified in 3.4.7 

11.2 Scope 

Provisions of this section apply to the design of masonry beam-column joints, including the joint zone 
of intersecting masonry wall members, which are subject to shear induced by gravity or earthquake 
loads or both. Only one-way unconfined masonry beam-column joints are considered in this section. 

%Thi0seci^pn^ follows ihefql^ tliefpgrf&s^oming ] 
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1 1.3 General principles and requirements for all structures 

11.3.1 General design principles 
Beam-column joints shall satisfy the following criteria: 

(a) A joint shall perform under service loads at least as well as the components that it joins; 

Dec '06 I C^) ^ J^'"^^ ^'^^" ^^^^ ^ design strength sufficient to resist the most adverse load combinations sustained 
by the adjoining components, as specified by AS/NZS 1 1 70. 

ffl^hepbasicreqiiirements pL^:'beaniwoli!rnn^^intigrer^^ .p?- .J^ofe^- ■.mf?^'^:--"^'^-^^^^^---ic^9!^ '>M^M^'"::: 

^^(sff^ltmust joerfdmi-satisfacBriliSunder-s^ ■■■^'"'kS^-/- '.■■,^:,^ii--^P&::y-0-:^'''''^ '■ SSi-'-'-i-.-^ 

; ^' 0[fis^^rengths^ of ihe%uM;n9gap^ ^ife^'^.^- ^ Ife-— ^v4>:^^^ 

; Y^i) '^t^bpbavioi0ho^ - 

^Other-impoha^ -■^■^^^'^^^^■■^■'^^■■■^^^-^^^^^^ -'' ■^.v.^^^"^ ■■.;i:..:^«^- ■: ..^-;,/^^?^- ' 

%^0'-Sgse:olcq^ 

)^(iiy] Access i^^^ ,j0i'iV^''-l'y^0-'''^ ; ■;Sfc--^^T ' ^ p^ 

11.3.2 Dimensional limitations 

11.3.2.1 General requirements 

Dimensional limitations for the joint shall conform to dimensional limitations applicable to all components 
that it joins. 

\0Vidt0iiid?freig^^ 

^ longitudinal r0}fprMrnenm 

1 1 .3.2.2 Limitations for seismic design 

Joints forwhich elastic or nominally ductile seismic load combinations govern design shall also be subject 
to the dimensional limitations of 1 1 .4.2. 
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1 1 .3.3 Design actions 

Amd 1 The design actions on a beam-column joint shall be evaluated from the maximum stresses generated by 
Dec '06 all components meeting at the joint, subjected to the most adverse combinations of actions as required 
by AS/NZS 11 70, with the joint in equilibrium. 

^F Theplnttfiustb^^ ' 

■ combinations fMducihgMhe I mosiy$evem,0ree.-di^^^ ifthaJdint.iniirecta^^ 

n^Vc '■ ^I90^M^^i^^Qd:ent effectsysuch::as:'&^ prlsettlement^^ beconsidered '? 1;3^: ;; 

11.3.4 Strength reduction factor, 
In determining the shear strength of the joint the value of the strength reduction factor, 0, shall be 0.75. 

1 1 .3.5 Maximum permissible liorizontal sliear stress 

The nominal horizontal shear stress in the joint, i^j^, shall not exceed the grade-dependent value, v^, 
specified in table 10.1 where: 



Amdl 



^ih = ^ • (Eq. 1M) 



^ih 



^c^^c 



11.3.6 Design principles 

The joint shear shall be assumed to be resisted by a masonry mechanism plus a truss mechanism, 
comprising horizontal and vertical stirrups or bars and diagonal masonry struts, in accordance with 
1 1 .3.7.1 and 1 1 .3.7.2, except that corner joints of portal frame structures and in other applications, joints 
may be detailed by rational analysis so that shear forces are transferred by an acceptable mechanism 
and so that anchorage of the flexural reinforcement within the joint is assured. 




11.3.7 Horizontal Joint shear reinforcement 

1 1 .3.7.1 Force to be resisted by horizontal shear reinforcement 

The horizontal design shear force to be resisted by the horizontal joint shear reinforcement shall be: 

Vsu=^-v^u (Eq-11-2) 

where V^^ = 0.5 l^^ • (Eq- 11-3) 

but need not be taken as less than: 

^mh = ^m''A ■ ■ (Eq.11-4) 

where v^ is the grade-dependent masonry shear stress specified in 10.3.2.5. 



> 
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1 1 .3.7,2 Area of horizontal shear reinforcement 

The horizontal shear reinforcement shall be capable of carrying the design joint shear force given by 
Equation 1 1 -2 across the corner to corner potential failure plane. The effective total area of the horizontal 
reinforcement that crosses the critical diagonal plane shall be not less than: 

Horizontal stirrups shall be placed between the outermost layers of the top and bottom beam reinforcement 
and shall be distributed as uniformly as practicable. Any stirrup leg between bends around column bars 
that does not cross the potential failure plane shall be neglected. Stirrup legs shall anchor round the 

extreme column vertical bar at each end of the jpim^^^^^ ^ ^_ ^ 

\Tfiepro0i&;is6fJ^:0 
wyre0id$iatlf^^ 

11.3,8 Vertical joint shear reinforcement 

1 1 .3,8.1 Force to be resisted by vertical shear reinforcement 

The vertical design shear force to be resisted by the vertical joint shear reinforcement shall be: 

Vs.-^-V^. - (Eq. 11-6) 

where 1^^ = 0.6 l^, (Eq. 11-7) 

but need not be taken as less than: 

^v=^b,/7, (Eq. 11-8) 



where i/^ 's the grade-dependent masonry shear stress specified in 10.3.2.5 
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1 1 .3,8.2 Area of vertical shear reinforcement 

The requirements for the area of shear reinforcement are: 

(a) The total area of vertical joint shear reinforcement within the effective joint width, b^, shall be not less 
than: 

A =^ (Eq.11-9) 

(b) The vertical joint shear reinforcement shall consist of intermediate column bars, placed in the plane 
of bending between extreme bars, or vertical stirrup ties or special vertical bars, placed in the column 
and adequately anchored to transmit the required tensile forces within the joint. 

11.4 Principles and requirements additional to 11,3 for joints in structures designed using a 
limited ductile or ductile seismic design philosophy 

11,4,1 General 

Special provisions are made in 1 1 .4 for beam-column joints that are subjected to forces arising as a result 
of inelastic lateral displacements of limited ductile and ductile frames. Joints must be designed in such 
a way that the required energy dissipation occurs in potential plastic hinges of adjacent components and 
not in the joint core region. Joints in structures designed to lateral load levels corresponding to elastic 
or nominally ductile response in accordance with AS/NZS 1 1 70 may be designed to the provisions of 1 1 .3. 

Provisions are made for beam-column joints that are subjected to forces consistent with lateralloading 

on frames causing inelastic displacements.: Particularly severe conditions can arise with respect to 

BiiiiiMiiii«iiiiiBiiiliM^^ 
shear strength and anchorage of the reinforcement passing through or terminating in a joint. The basic 




1 1 ,4,2 Dimensional limitations 

11,4.2.1 General 

Dimensional limitations for the joint shall conform to dimensional limitations applicable to all components 
that it joins. For interior joints 11. 4.2. 2 or 11. 4.2.3 shall also apply. Forexteriorjoints 11. 4.2. 4 and 11.4.2.5 
shall also apply. 

iJid^^QsUfvagam bars aficicolurnnpa^^^ the}pini,jtpm 

7:^td^lj0if^th^t 
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1 1 .4.2.2 Minimum horizontal dimension, h^ 

The minimum horizontal dimensions for the joint, within the plane of loading, h^, shall be not less than: 

(a) Where beam potential plastic hinges may form at column faces: 

he = 90 d^b fo^ fy = 300 MPa 
ftc=150dbbfor/y = 500MPa 

(b) Where beam potential plastic hinges cannot form, or where the critical section is located a distance 
from the column face not less than h^: 

/?c = 60 dbb for /y = 300 MPa 

hc= ^00 d^^for f^ = 500 MPa 

1 1 .4.2.3 Minimum vertical dimension, h^ 

The minimum vertical dimension for the joint within the plane of loading, li^, shall be not less than: 

(a) Where column potential plastic hinges may form at beam faces: 
^b = ^0 rfbc for fy = 300 MPa 

l^^=^30d^ciorfy = 500MPa 

(b) Where columns are not intended to develop potential plastic hinges: 
h^ = 50d^^iorfy = 300MPa 

^b = 95 o^bc fo^ fy = 500 MPa 

These requirements need not be met if it is shown that stresses in external column bars during an 
earthquake remain in tension or compression over the whole bar length contained within the joint. 

1 1 .4.2.4 Beam bar anchorage of exterior joint 

The overall depth of the column, h^, at an exterior joint shall be such that effective anchorage is provided 
to beam reinforcement, commencing at a point one half of the relevant depth of the column or 10 d^^, 
whichever is the least, from the face at which the beam bar enters the column. Where it can be shown 
that the critical section of a potential plastic hinge cannot develop in the beam closer than a distance equal 
to the beam depth or 500 mm from the column face, the development length may be lesser and considered 
to commence at the column face of entry. 

1 1 .4.2.5 Minimum beam depth at exterior joint, h^ 

The overall depth of the beam, h^, at an exterior joint shall comply with the dimensional limitations of 
11.4.2.3. 

1 1 .4.3 Design forces 

11.4,3.1 General 

The design forces acting on a beam-column joint core shall be evaluated from the maximum stresses 
generated by all the components meeting at the joint in equilibrium. The forces shall be those induced 
when the overstrengths of the beam or beams are developed, except that in cases where a column is 
permitted to be the weakest component, overstrength of the column is to be taken. 
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1 1 ,4.3.2 Magnitude of joint forces 

The magnitude of the horizontal shear force, V-^' ^^^ ^he vertical shear force, V-^, in the joint shall be 

evaluated from a rational analysis taking into account the effect of all forces acting on the joint. 

'cfTf^,3j''',,"'f|rt /^'^®| --T-^ ^^*i '■'■^^^^■■■., "Sfe^;.'"-:;. '^-'fc- ''''S&w./ ■ ■■^^■^".. ^ "■■- : ■ ■■ ■■■■ . .^ 

Ref&Kio NZS.3101 for a mepiod for calculating fiorizontal^and vertical jdlntshear forces. '-^S|^i:: ''% 

11.4.4 Design assumptions 

11.4.4.1 General 

The design of the shear reinforcement in the joint shall be based on the effective control of a potential 

failure plane that extends from one corner of the joint to the diagonally opposite corner. 






WSj&SBMKmM. 
iiiiii 



responsible for this failure plane is transmitted witfiout unrestrained yielding of tfie re 

1 1 .4.4.2 Strengtfi reduction factor, (p 

In determining the shear strength of the joint the value of the strength reduction factor, <p, shall be 1.0. 

1 1 .4.4.3 Maximum permissible horizontal shear stress 

The nominal horizontal shear stress in the joint shall comply with the requirements of 1 1 .3.5. 

Nominal joirifsheacs^^ assumpjtigp ttiatithe joint }A/idthis equal to ihe column ; 

■widifii^^ f^^ Biifiensmnsjhis^ tfther-;^:^ 

\fcglyrrm!widtii^^^ tharitfiebea^^^ iB(k>ns6rvatim. Msuchca^^ 

loe^taken-a^^ Further guidaricB}}s-pr6v(de^^ NZS3WW !'^3^' - / ';;f^ 

11.4.4.4 Shear strength of joint 

The shear strength of the joint shall be assessed as follows: 

(a) When potential plastic hinges may develop immediately adjacent to a joint, the entire shear shall be 
assumed to be resisted by a truss mechanism consisting of horizontal and vertical stirrups or bars 
and diagonal masonry struts; 

(b) When beams are detailed so that potential plastic hinge regions cannot develop immediately 
adjacent to the joint, a proportion of joint shear resistance may be allocated to the masonry 
mechanism only, provided that a rational analysis is used orthe requirements of 1 1 .4.4.3 and 1 1 .4.5.1 
are satisfied. 

mefe$to.NZS3fmmdefmed-:'conmmar0i^-^^^^ 
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1 1 .4.5 Horizontal Joint shear 

11.4.5.1 Design shear force, V^^ 

The horizontal design shear force to be resisted by the horizontal joint shear reinforcement shall be: 

Vsu-^-V.u (Eq-^1-10) 

fneiwrizontal^hearfcnMmthew 

fflBxuralreirifdrvej^^nt^ ley&lpfthel/bottpm^e^^^ ■.] 

': ''&the3riasonr}^^ ; V0^mnd''by';aW^ ' rn§0ianism^V§^^ di3§Qnal:n)a^nryirStruts,§, 

Wparai^'toihifioie^^ 

11.4.5.2 Masonry shear strength, V^^ 

The value of V^^^ shall be assumed to be zero, except: 

(a) Where the design precludes the formation of any beam potential plastic hinge regions at a joint; or 

(b) Where all beams at the joint are detailed so that the critical section of the potential plastic hinge region 
is located at a distance from the column face not less than h^\ or 

(c) For external joints where the flexural reinforcement is anchored outside the column core in a beam 
stub, then: 

^mh = 0.5l/jh (Eq. 11-11) 

but need not be taken as less than: 

\^h=^bA (Eq. 11-12) 

where i^rn 'S the grade-dependent masonry shear strength specified in 10.3.2.5. 






'i'^^::} 



^i^Tfieb0<gm 

1 1 .4.5-3 Area of horizontal joint shear reinforcement 

The area of horizontal joint shear reinforcement shall be determined in accordance with 1 1 .3.7.2. 

^ InJplanMplritsllthetWizbriMp^ theBxtremei: 
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fibiars cannot b0:ori$fdeiWlto:donWbufestb hbi^izbritalvbint sheariresisfaiice when bearhWbteniial ^ 

■t:-0p-y^:m^-iy/-'-:^^^^ ym^r^m-^&i^^-^^^^^^ ■ymy-yS^9C^-: ■"■■■: ''^m'^^^ -vp^^X^-^-l^ 




1 1 .4.5.4 Spacing of horizontal Joint shear reinforcement 

The spacing of horizontal joint shear reinforcement shall not exceed 200 mm. 

118 



NZS 4230:2004 



1 1 .4.6 Vertical joint shear 

11.4.6.1 Design shear force, V^^^ 

The vertical design shear force to be resisted by the vertical joint shear reinforcement shall be: 

Vs. = ^-l^v (Eq. 11-13) 

g To sustain^adiagpnalcgm^ is ^ 

r-mquiredAW^^ 

^y-iheverticalmihtshea^^^^ 



11.4.6.2 Masonry shear strength, V^ 



mv 



The value V^^ shall be taken as: 



V^v = 0.6V^v (Eq. 11-15) 

but need not be taken as less than: 

V^, = v^b^h^ (Eq. 11-16) 

where v^ is the grade-dependent masonry shear strength specified in 10.3.2.5. 

Where potential plastic hinge regions are expected to form in the column above or below a joint as part 
of the primary seismic energy dissipating mechanism, V^y shall be assumed to be zero. 

^The'i/erticalshearh 

0^polumns^are-design0d^^ ofAS/NZS -1:170, ihfsuch cases, 

Athjepintshemtransf^^^ 

■ mgion^adjs^entipihe cqlumh^mdM ^W^^ ^y,§ppgallyclefa^^^ vertical joint? 

'!pt^oihfdrcafVptit.:^^^^^^^ 

S w|}Sre Wca/Dacityjje^^ fxoces0i0beeff^d^^ 

%ietdingfintetme^ 

ianpittwba^ 

11.4.6.3 Area of vertical shear reinforcement 

The area of vertical joint shear reinforcement shall be determined in accordance with 1 1 .3.8.2. 

i0\/h^r&iw&j3Xtm I 

2!placedheiweeh-ik^^ 

ABayi/alfJoupthe^^ 

V vertfdM joint stirrm^ 

1 1 .4.6.4 Spacing of vertical shear reinforcement 

The spacing of vertical joint shear reinforcement shall not exceed 200 mm. 
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12 SECONDARY STRUCTURAL ELEMENTS 
12.1 Notation 

C{T^) The ordinate of the elastic site spectrum for the lowest translational period of vibration 
R^ Return period factor for the ultimate limit state (NZS 11 70.5) 

v^ Maximum permitted grade-dependent shear stress provided by masonry, defined in 10.3.2,5, 

MPa 

/i Structural ductility factor, specified in AS/NZS 1 170 



'^''.,.., 



■j^J^heJqllowlngs 



.H^K- 



12.2 Scope 

12.2.1 

Provisions of this section shall apply to the design of secondary walls, in-fill panels and partitions, as 
defined in section 2. 

:i:j^;C72.2'^;^;;.r-.:'ll5^:;^ ;.;;,.;, 4^; A -''^^'i^lf;^^^^ ■.'■^^■■:-yy^-'"f\'.''-^V-., '^'MiyT''\':--:::'-y0'''' ■^^}:j'iy-^'''^l-:-':':0!i'P'f''' .:.-.^:^Vf ^ ■■ p^^-"r ■' i.;V l:^-^ 

f^phfvaiystnM^ 
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12.3 General principles and requirements 

12.3.1 

Secondary walls shall be designed to the requirements of 12.4. 

12.3.1.1 

In-fill panels shall be designed to the requirements of 12.5. 

12.3.1.2 

Partitions shall be designed to the requirements of 12.6. 
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12.4 Secondary walls 

1 2.4.1 General design principles 

12.4.1.1 

Structures containing walls in excess of those necessary to carry the seismic lateral loads required by 
AS/NZS 11 70 may be considered to consist of a primary system of walls which supports gravity loads and 
the entire seismic lateral load; and a secondary system which supports gravity loads and face-loads only. 

-'Gi2^.l.i^,:, "^^%(- r;^"^.;./' -^^ ]'■ -'-'^'^$§:r-% ■ ''■'mSd^-- XT'-' ' -i^^-> '■■^i^ 

kSorrie'steariwallsdomot-easil^^^^ Memse(ves;^oratibnai^ah^ latera:!'' loading, as a ' 

Wnsequenceofthenu orientatidn, distribution of opening^ andcompl^ity^bfsha^ 

ipparihgmalisii^^f^^ arei^dcessajyWcarry^ latdral ' 

"■'lda^;:a.prima^^^ capable dfraiion0%aiys^ seteptedto^ 

„ seismicMerai load- andBereniiinder treated as secondary w^^^ Tor design purposesgsedondary ' 
fiwallsare%ot considered ia carry afiy^in-plane laferallpad^. Hoyw\^r^ ills cl^r that the secondary, :, 
, walls Ml infact'o^^ detailBdprthelatet^l ■} 

I'displaceimenisiq ^jichtHe^ bi^subjected!'S^^ secphcJafy^yvallsare^ ia%iDp6rf: ■ 

"gratvftyjpads, HisesserrtialthMi^ miqjfv^'datr)age:6ccurs^p siJch^wallsunMi^eisnriic^ 

provisioh$ of 12.4 are based or) this requlrelve^^^ ■■'■;:■; .. ^3j^;^ i ^'■^..r. , ■ '-■ \ " '.Sv^^- ■ ':■,■ 



12.4.1.2 

The classification of the walls of a structure into primary and secondary walls shall be made such that no 
secondary wall shall have astiffnessgreaterthanonequarterthat of the stiffest wall of the primary system, 
in the relevant direction unless it is established by special study that the secondary wall will not yield at 
the design level of seismic response. 

12.4.1.3 

When estimating the design level of seismic load in accordance with AS/NZS 1170 the following 
provisions shall apply: 

A^^ "" I (a) C(T^) shall be based on the natural period of an estimated composite lateral stiffness of the primary 
Dec'06 I ^ ^ ^^^ . , 

and secondary systems; 

(b) The structural ductility factor, /i, shall be determined from the characteristics of the primary system 
of walls alone. 
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12.4.1.4 

Floor diaphragms shall be designed to span between primary walls under seismic lateral loads. 



^^im€ 



■■■Sinjoe^M^ 
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1 2.4.2 Dimensional limitations 

Secondary walls shall comply with the dimensional limitation requirements of 7.3.3. 

1 2.4.3 Wall reinforcement 

12.4.3.1 

Reinforcement for secondary walls shall comply with the requirements of 7.3.4. 

'^^^■2A3tj^^^^^ ^Su.,;: 

%Secondar^wa!ls^m^^ 

^tlius,be:tho$B forrStrucMral wWls.Wowev^ 
jpermitted, tlnlessj^pyerned By^ravifylpa^or faee-hadmquirements. ^^^-'^^^S^:^;, ifi / '^^ !; - 

12.4.3.2 

The provisions of 7.3.4.7 may only be applied to secondary walls when the primary system of walls is 
designed to the level of lateral load specified by AS/NZS 1 1 70 and the maximum design shear stress in 
all primary walls does not exceed the grade-dependent value, v^ specified in table 10.1. 

!cif^.a|;:'^^:f :;■■'■'% '*^^^ 

Secondary .walls cannot beMesignedv^to jSAJiWhich^ walls to be : ; 

"^ designed withouUshes^wififorcen proyjde(^shearj^sim mlesMhe shearstresses -'Ing 

th& secondary W3iils:^re knoy^^ ifianihelimi&^sg^^ af-uiicertainty^ 
in;the level of she^^^ 

systQm satisfy requirements^ q^ '■''-'%,.%■■: '"^1%;, '^1: ■;■■..■, ■'^!■KS^;|i&^^-;,, ' ■'';^!lS#^;r- . '%■■■: 

12.5 Frames with masonry in-fill 

12.5.1 General design principles 
Dec '06 I I'^-f'" panels shall be designed to resist all actions resulting from in-plane loads and face loads. 

LrfjCM-pf,f i^:,, -V-.^^/^i^il-..-. ; .-..■ ., ■ v7?;H,\ '-■l^^^--:/ ■■■V^vivv: -x--:.. :,-,;:;v;-: ■ '^^Jy.. ' '\-^i:/-^: .■ ' ' >'^v'M'.- v:A :■ . . ' ' ' ■ ■'■ \:^'^i!?i:4::'^'- ■..■■■■- 

In-fiiipanels mustM^esigriedt6carry%e irr^larie^grces developed aSya result ofd^grmatjon ofthg 
in^^filledfr^eM^^ Wilting from windBnd^gMliquake/^^ 

fihads'aregivenh^N^ tfiein-piane 5 

■:wdface-lfM<iMtionsmayMecoB 

iJnMotndiigcttons^r:^^--^ lfe-^^-^';v ■■■ v:^ Ja^,, 'i^.;o"Sf^^^^ , '.; '■ -^llS^v..r'^P^''^----Si^ 

'Mai^ 

'^ loading, generally because. illMin-fiiUhas Beehconsidered':Mbe-m^ 
Mstmctbralactiqri 

i-wB^ttia^rri^ Mjj^tdrgy^he^^^ recognizeB^h^-ma^ 

:• panels- mod^ 

isepiaratioMis^provided^a^ ar^^sidestaallm/fmBdefom i/Wiicliease-^l 

Mtheparmjim designed^s a^aQltidn'inacc^ wHerg] 

WsWicieni:-M0a^fibhW enH^^'bfMf^ wiliMiillSBriBtfm^ 

supporting Bearri^pohiidei;^bl)^ ■fe^ibmjn'shx^ 

i-jengthsat^^ 

:r^strqngip$uni0 fOll$Bf)ar^^ frcmihe frame^he'n 

^'composite 'Sciionfmusi<ibeW^ analysis af^jdeslmed'a^^ 




123 



NZS 4230:2004 



mForpurpos&sofstiffness^andforcetdf^^^^ 
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■'tl^e^Mpect^^isWcess 
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and!fm 
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^^^i^;^^ 
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12.5.1.1 

Except as provided by 12.5.1.2 masonry in-filled frames shall be designed as elastically responding 
structures, unless a special study Is carried out to determine the available structural ductility, ^u. 
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|;Figure 12-3 - Ductility of^^ on maxiWiumlstoreY ductility pf iJsr02- 2-0 



12.5,1.2 

Masonry in-filled frames designed and detailed to ensure that in-fill and frame act together in full 
composite action as a shear wall shall be designed as shear walls to the requirements of section 7, and 
Dec '06 I to appropriate structural ductility factors of section 3. 

12.5.1,3 

In-fill panels with openings shall be subject to special study to ensure diagonal bracing action can be 
obtained, and to investigate the effects of structural modification caused by the openings. 

■ ■■/^•fO''/r.-f .-O''"' ■■■■"'■■■■ "■J'^'' ''l.^:-y' ■■■■■'■-■■>S;;-V-' \ , / .'^^!;^^^^ r.:\... .:;■::%■■,!,■, ■■••■■■ ■■^^■'^ -r-- .''-^y- ■-■'■yyiP- "-'■■/■■■ 

r:ifljC,Dn^O . : '-^^^ir .,r-y^;y. /^,.:^^ ,0^:.^: . \ .:.y:,- -^^^x- .\^ii>r ^..:-■i■ i'-'-^y^m"^^--- :7-'^;^T^^-'---^'it '■■■A:n^''-'-:-'--.^ii^- ■ 

fj0penl0s inln^fiflp^Ql^^ to d^my Jhetdiagona^ ^g^cin of thQ infill, andc^^ j 

totB^0 structufi^wx^ sl^ar failuroMf'theJ^ 

^^^siiduldMavo^d unless d^^ stuidies are carried out to suJequaBiydefin^Wem^ 

Wand- tol^nablB:^- rational design tdBe obtained^- Miriimurr) reir^fofde^ areMeSmie : 

^i^as:^r,strijctuml^walls^-^^^^ 

12.5.1.4 

Structural in-fill panel reinforcement shall be connected to adjacent beams and columns by lapped 
starter bars, or by welding, or by other approved means, to ensure that composite action results. 

12.5.1.5 

In-fill panels separated from the structural system such that the ultimate limit state inter-storey deflections 
Amd 1 calculated in accordance with NZS 1170.5 are accommodated shall be considered to be partitions and 
Dec '06 shall comply with the requirements of 1 2.6. 
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Table A1 - Maximum concrete masonry stresses and steel stress range for the design of 

sections at the serviceability limit state 



Amd1 
Dec '06 



Stress case 


Load category 


1 


II 


III 


IV 


Immediately 
after transfer 
before time 
dependent 
losses 


Permanent loads 
plus imposed 
loads of long 
duration, or 
permanent loads 
plus frequently 
repetitive loads 


Specified service 
loads for buildings 
where load 
category II does 
not apply 


Permanent loads plus 
infrequent combinations 
of imposed loads 


Uncracked section: 
compression 


0-6 f^i 


0-4 f;, 


0.45 f^ 


0.55 f^ 


Tension across 
construction joints 


zero 


zero 


zero 


zero 


Tension in monolithic 
concrete masonry 


0.5Vf,i 


zero 


0.5V/;; 


0.5V/;; 


Cracked section: 
compression 


0.6 f^i 


0.4 f^ 


0. 45 (; 


0.55 Z'; 


Steel stress 
range (MPa) 


200 


100 


200 


200 


NOTE - For stress combinations which include differential temperature effects the maximum permitted 
compression stress for both cracked and uncracked sections may be increased to the smaller of: 

(a) 0.75 f^; or 

(b) The value listed in table A1 plus 2/3 a^E^T. 



A3. 1.3 Design for deformations 

Provision shall be made for the effects on parts of the structure or adjoining structure of elastic and plastic 

deformation. The effects of temperature, creep, and shrinkage shall be considered. 



A3. 1 .4 Consideration of buckling 

The possibility of buckling in a component between points where the concrete masonry and the 

prestressing steel are in contact and of buckling in thin webs and flanges shall be considered. 



:-^v^^^yT" "" 



[;\0^liis^ref(Sr$(^:fo&heWp^^ 

K cdncrefeiriiember^intei'mitWhtiy.xli^ ^^^ 

t:lnparticula0if:thihwebsm^^ 
wsupports of slender members. Itifhe tendon fs in p^ 
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A3.1 .5 Loss of area due to ducts 

In calculations of section properties prior to bonding of tendons, the effect of loss of area due to open ducts 
shall be considered. In pre-tensioned components and in post-tensioned components after grouting, 
section properties may be based on gross sections, net sections, or effective sections using transformed 
areas of bonded tendons and reinforcing steel. 

A3,1_6 Non-straight tendons 

Where tendons are subjected to deviations from a straight line, allowances shall be made for the forces 

causing those deviations. 

l^^e':d<^yiation,x)^ straight /line causes fprce&i^^ fherelsr 

"ihadequaiercpvero^ ■'''''^'^:i^. y%;^(v, -'^^^^^^^^^^ !,.., '''''^'^■■^■, -fe/ '-^^[ik-:^. ''''■■■ 

A3.1 ,7 Stress concentration 

Stress concentrations due to prestressing shall be considered in the design. 

^0fvss: concentrations wljichcan 1^ brijductsrare formed iiiy 

prestressed^mymberk ^^^^ concentrations alsov^^^ of prestressirig cables 

A3.2 Basic assumptions 

A3.2.1 Ultimate limit state 

In designing for strength at the ultimate limit state, the assumptions provided in 10.2.2 shall apply. 

A3.2,2 Serviceability limit state 

In investigating sections at the serviceability limit state, after transfer of prestress and at cracking load, 
elastic theory shall be used with the assumptions that at any section where the permissible concrete 
masonry tensile stresses are exceeded the section shall be assumed to be cracked and to have no tension 
capacity in that part of the section. The effect of tension stiffening between cracks may be included. 

A3.3 Unbonded tendons 

Where unbonded tendons are considered: 

(a) The use of unbonded tendons is permitted provided they are in accordance with NZS 31 09 and the 
exposure classification as defined in table 4.1 is not Cor U; 

(b) Ultimate design flexural strength shall be computed in accordance with A3. 6. 
9^0'avafB^ir^uddehBolla^ 

Dec '06 I -in^B^^f^'^^^^^MI^^^^^ 

'im^mgtl0^ mustalwa0B^^ fifielm^dulu^^ | 

WoKihMtensflei^treis'at crackmdiisW^&Bon tha^assumption^that We^stressdiWiButiotliis liriear^u;;:--: - 

"^l^naisti^uc^ 

L^^an0i0ft}Qle:(e^ 

W§6r)sidefatiomsfio(ild-^^ it!&^ns&quehce9isudi^ sMbiiii0)Mhe -i 

(?0;uMuralsy$^ 
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A3.4 Maximum stresses in prestressing steel 

Tensile stress in prestressing tendons shall not exceed the following: 

(a) Due to jacking force 0.94 f^^ 

but not greater than the lesser of 0.80 /p^ or the maximum value 

recommended by the manufacturer of prestressing tendons or anchorages; 

(b) Immediately after prestress transfer 0.82 f^y 

but not greater than 0.74 f^^; 

(c) Post-tensioning tendons, at anchorages and couplers, 

immediately after tendon anchorage 0.70 /p,j 

The requirements of table A1 shall also be satisfied at the serviceability limit state. 

Afe)<7m^ the^higher^yietd and^0mnd:fl 

Wmeetingthe^w0^ 
criteria Between L^Mci /^" ".-■'^P- :,-l'^\- ^' %^}0'-. . -ifc "'" M-^-'"- ^^^;NS:<•^^■^d'^^ifSF"'^ ■ ■ •, '^)^M^-:-::JM-'^^%:4^^^ 

: l^eslgriiiBshp^ 
corrosive (0nditioh$ (^^^^ ■0''';- .:0[ jdOf'^''^'' ■. >x£-%C'^%, irflSfri^*-'' ■^j^P'^"^- 

A3.5 Loss of prestress 

A3.5.1 Sources of prestress loss 

To determine the effective prestress, allowance for the following sources of loss of prestress shall be 

considered: 

(a) Anchorage seating; 

(b) Elastic shortening of concrete masonry; 

(c) Creep of concrete masonry; 

(d) Shrinkage of concrete masonry; 

(e) Relaxation of steel stress; 

(f) Frictional loss due to intended or unintended curvature in the tendons. 

tPrestress'lossesfifiay beefxpectedtb vary substantially fordiffemnt^plicationsMltfiougM 

y^^gss-M 

'\y^^tresWsan^$eM\^b^ 

^^designMMethods:of^cornputmg losses are^g^^ 



m^S^IQO quotes aitSSe^ 
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A3.5.2 Friction losses when post-tensioning 

Friction losses in post-tensioned tendons shall be based on experimentally determined wobble and 
curvature coefficients, and shall be verified during stressing operations. The values of coefficients 
assumed for design, and the acceptable ranges of jacking forces and steel elongations shall be defined. 
These friction losses shall be calculated as follows: 

P, = /^e-(^ + M«) (Eq. A-1) 

Where (KL + iia) is not greater than 0.3, Equation A-2 may be used: 

R= S (Eq.A-2) 

"^ O + KL + fia) 







■IlKiiliiiiiffiiiililiiffiKiK 

mimmimmmm^mmmmmmmmm^mmmii^^ mmmmmmmmm i^i mm^mm ^ mmmm ^ m 111111 i mmm il. 

specialist prestressing contractors. An unrealistically low evaluation of the friction loss can lead to 




mlm 



„^^^^^ ,,:.,,,....^JiilSM ,, .,,.^^.. ,......,.^.,,..,,:,: 



determined to be less than those assumed in the design, the stressing force should be adjusted to give 
iiiiiipiliiii^ 
only that theoretical prestressing force in the critical portions of the structure required by the design.-^ 

A3.5.3 Friction losses when pre-tensioning 

Friction losses in deflected pre-tensioned tendons shall be based on field measured values or on values 

derived from similar forces, geometric profiles and tendon deflection hardware. 

A3.5_4 Connection losses 

Where prestress in a component may be reduced through its connection with adjoining elements or 

contact with the ground, such reduction shall be allowed for in the design. 

A3.6 Flexural strength 

A3.6,1 Design strength 

The design strength of components containing prestressed reinforcement shall be taken as the nominal 

strength times the strength reduction factors, given in 3.4.7. 



\cMd^is,^'.'%^^^ fe&.... ' - 'im... --^ii 



'^^0^^:. 



'■^IJjheam^ 







depth^pf the equivalent reciangularMess block M"didfin0,k)y''1slO:2.^^^ 
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.■rand -.SB 

; ; A^^gandA^^re thosg0rtiphso^^ 

ipev^lopmenMf^'fuii^^ are^containediin /?efeJpSce^4.;jJJ^^^^ :|; ^;;^; ; 

A3.6.2 Stress in tendons 

The nominal strength shall be determined from basic assumptions in 10.2.2 with allowance being made 
for the additional strain In prestressed reinforcement due to prestressing. The stress in the prestressing 
tendons shall be determined in accordance with A3. 6. 3, or alternatively where appropriate, it may be 
determined by the method given in A3. 6. 4. 



CA3,6,2i 



U The stfalfiin a f^restressir^ tendon is^^ be equal to the strain calculated from^heassumpt^ 

j^planasec^^ stmin due to';prestressingpf foJE^-- |t — SJ- : :M; 



e togrestresstngof f^E^- 



A3.6.3 Compatability method for determining prestress 

The stress in prestressed reinforcement in all cases may be determined from strain compatibility and an 
appropriate stress-strain relationship for the prestressirig tendons. In calculating the strain in the 
prestressing tendons allowance shall be made for strains imposed by prestressing. 






■;;g:A3^:3'' ■-■01:^'^" ".::^4fl^'--^# ^-S^"' J''^:■^.;:lP'vM^■.:i^^^^■■:^ ........^.... 

gv Thi0iethddofdetermihingi^ af^estressing tendgriis th^pspgejrieral metfiod, whicfr-canM 

'p. tie applied ini^flMij'^^ ^:apfmpri0estf r^lationsliip m^befi^ suj^ljersvf-'j 

^fprestre$sin0endqnsot^from lit00ureMuch]^a$^£efere^ M' ;^i:,\-0-$ '■ , ;:^| JJ ; ^oS^:'::-: :3f1^\;;: 

A3.6.4 Approximate method for determining prestress 

In lieu of the method defined in A3.6.3 the stress in prestressing tendons located in regions of flexural 

cracks may be determined as set out in this section. 



i0B^ 



: iJ77e®n§ss /^^ Mthe designilimltsMBWrifiuem^ 



i;>m- 







A3-6.4.1 Tendon stress when using bonded tendons 

For components using bonded prestress tendons and subject to axial design forces of less than 

0.5 Ag f 'm the effect of axial load may be neglected and the tendon stress may be determined from: 



'ps ~ 'pu 



1-- 



0.85 



'm "p 



1\ 



(Eq.A-5) 



134 



NZS 4230:2004 



Amd1 
Dec '06 



If any compression reinforcement is taken into account when calculating f^^ by Equation A-5, the term 
^pu d 



„ 'pu a / A 



shall betaken not less than 0.17 and d shall betaken not greater than 0.15 dp. 

Where the design axial forces are equal to or greater than 0.5 A^ f '^ the component is to be designed 
as a compression component In accordance with A3.1 .2. 

A3.6.4.2 Tendon stress in unbonded beams and in unbonded columns 

(a) Where the span-to-depth ratio is 35 or less: 

^s =^e+70 + -^ ■■■ ■ (Eq.A-6) 

P' '^ lOOpp 

but fps in Equation A-6 shall be taken not greater than L^ nor (f^^ + 400). 

(b) Where the span-to-depth ratio is greater than 35: 

/ps =^e +70 + —^ ■ ■ (Eq.A-7) 

P' '^ 300pp 

but fps in Equation A-7 shall be taken not greater than f^^ nor (^^ + 200). 

A3.6.4.3 Tendon stress in unbonded walls 

For masonry walls with multiple tendons the stress in each tendon shall be calculated separately using; 



,20_^rt^ 

'ps 'se + ^ r I 



cy,. -1.4^L 

'r 



m_ ^ 

' w 
m 



(Eq.A-8) 



but fps in Equation A-8 shall be taken not greater than f^y. 



Equation A-Bhaslbeemderiv^ propehie^ specified in 3:^^^ 

■^^!d^Z2:6 whenusingno confining plates: and using Jtie mp0uskf elasticity of^fjeinfgrpement specified -^^ 
y inj:3:4,4f§:Refk^^ 

\ having]pther\rn '.'f-- ^y ^Q:^y^y%:'^^^' ■' --"^^m^W^i-y. " '"^'^ ■ ' S&i ■::;. ''H-. 

A3.6.5 Stress in non-prestressed reinforcement 

The stresses in non-prestressed reinforcement, including deformed bars or unstressed strands, shall be 
determined from strain compatibility. 

yUnsp(eis0^ '-^f^^BMfM^^ MiWijJ^pry-M^ %.■ 

yicompression^ reinforcement y ■■"^^ymy: ■■"■^^^'v^^ii^ ■:-^^^#^:''^^;^^^":^#^;j- ■^:^.;i:^^^ivv:^^" ■v^^^^^^^^^'hs^.h^^: ■.■ ^■■'^:^¥B^y<^ . ^ ''m.: --^ 

A3.7 Limits for reinforcement in flexural components 

A3.7.1 Strength to exceed cracking moment 

The design moment in flexure for any section at the ultimate limit state shall be not less than 1 .2 times 
the cracking moment computed on the basis of a modulus of rupture of 0.5^/7^, except for flexural 
components with shear and flexural strengths at least twice that required to meet the ultimate limit state 
requirements of AS/NZS 11 70. 
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Amd1 



ii:ff:ljfi$prdpisionMaf^ ^bMptflexuralMilurefivsuIti^^ thUpresftessing)^ 

fiendommmeaiately after- wembW'§^require^consiaet^ble^ ^ 

? beyond i craBkifigtoWeacfW^ ebfisiderable^efleiitidh vi/mihsihaStfie Mtimat^ 

" cabaci0isbSfhgM 
^:warnmg increased byideflection^may not oc^^ .^P:-^^'^r\\^;M^^v5^^-w^:;is«^-> 



^;^|#i-,|ife^ ^;,V^j%i^L ■ .1: .^^ 



iil^.: 



A3.8 End regions 



:'€^^:'-: 






Wai0i/ersMFdi^etaile^ Miqught tq,be::appix)jpriaiefyf(Bns^ 

A3.8.1 Design forces 

Reinforcement shall be provided when required in the anchorage zone to resist bursting, splitting, and 
spallingforcesinducedbythetendonanchorage. Regions of abrupt changeinsectionshall be adequately 
reinforced. Refer to 10.2.2.8. 

A3.8.2 Bearing 

End blocks shall be provided when required for end bearing or fordistribution of concentrated prestressing 
forces. Anchorage forces shall not result in concrete masonry bearing stresses greater than specified 
in 10.2.2.8. 

A3,8.3 Maximum jacking load 

Post-tensioning anchorages shall be designed to support the maximum jacking load at the concrete 
masonry strength at the time of prestressing, and the end anchorage region shall be designed to develop 
at least 95 % of the guaranteed ultimate tensile strength of the tendons, or the calculated tensile force, 
whichever is the greater with a value of = 0.85. 

A3.9 Shear strength 

The requirements of 10.3 shall be satisfied. 



A3.10 Serviceability limit state 
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A3-10.1 General 

In general the requirement for adequate performance at the serviceability limit state will be achieved either 
by designing on the basis of homogeneous or uncracked sections or by performing an analysis based on 
cracked sections in accordance with A3.2.2: 
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(a) Where uncracked sections are considered, the flexural concrete masonry stresses shall be not more 
than the appropriate values in table A1 ; 

(b) Where analysis is based on cracked sections in accordance with the principles of A3.2, bonded 
reinforcement (whether non-prestressed or prestressed) must be present. For this case the 
compressive stresses in the concrete masonry and the range of stress (that is the total maximum 
variation from compression to tension for non-prestressed steel and the increase in tension for 
prestressing steel) in the bonded steel shall be not more than the appropriate values in table A1 . In 
addition the maximum tension in the prestressing steel at transfer and in the final sen/ice condition 
after all design losses shall not exceed 0.70 fp^. Allowance shall be made for the effects of creep and 
shrinkage in the concrete masonry on the stresses in the reinforcement and the concrete masonry. 

(c) The exception for which the stress limits of table A1 does not apply, and special studies are 
mandatory, are structures that have an exposure classification of Cor U as defined in table 4.1. 







lililiW 







A3.10.2 Deflections 

For calculations of deflection it is permissible to assume that the section is uncracked provided the 

concrete masonry tensile flexural stress is less than 0.3-^/7^ under sustained loading, or less than 
OA^yjf^ under short-term loading. 

A3.10.3 Frequently repetitive loads 

For components subject to frequently repetitive loads the possibility of inclined diagonal tension cracks 
forming under stresses lower than those induced by monotonic loading at the serviceability limit state shall 
be taken into account. 

A3.10.4 Prestress variation 

In all cases where curvature occurs in post tensioning tendons, allowance shall be made for variation of 

the tendon force at any point by ±5 % from the calculated values. 

aR|FEi=lENCES::%J 
:S^i:K;5Pr;0StpifBI/K 

;::5f;'v;;^elms2|ci 
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APPENDIX B 

DETERMINATION OF CONCRETE MASONRY COMPRESSIVE STRENGTHS 

(Normative) 

B1 From component strengths of grout and masonry units 

B1,1 Notation 

f^b Mean strength of concrete masonry unit MPa, 

/g Mean grout strength, MPa, 

f^ Mean masonry compressive strength, MPa, 

f^^ Characteristic strength of masonry unit, MPa, 

/g Characteristic grout strength, MPa, 

f^ Characteristic masonry compressive strength, MPa, 

x^b Standard deviation of strength of concrete masonry unit MPa, 

Xg Standard deviation of strength of grout, MPa, 

x^ Standard deviation of strength of masonry strength, MPa, 

a Maximum ratio of net area to gross area of masonry unit 

7cB1.t^^l -m, -^ %.; %..-. ,' W ;■ ]:0^,- 'Ifc.. , ,j:X:...::g...r ...■..;£: . ^^:X ^.^,^^^^^,, ,■%/^.,^^^^^^^ ■■%....:..:.; 

B1.2 Scope 

B1.2.1 

This Appendix specifies an alternative method to the prism test method of Appendix B2, for defining the 
design compressive strength of masonry, f^, for strengths greater than 12 MPa. 



CB1.2.1 



SI 
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B1 .3 Masonry compressive strength 

B1.3.1 

Characteristic masonry compressive strength, f^ can be calculated from the strengths of the grout and 
the masonry unit using the following equations: 

f^ = 0.59 a^b + O-QOC - ^)fg Eq. B-1 

x^ = -Jo.SSa^x^b^ +0.81(1 -a)2x/ Eq. B-2 

^ = ^-1-65^- • -Eq.B-S 

; constr0ted ma^^^ on, tHi^^areapfiace-^h^0(see^^ 

:^^cqnsists.of tfie-iwo'fa^ '^;|?^.:^ ;-f'^'^^-''' -^irr^H- ' , ..,^:v^---' '. '.'01' ',/-■^'''^■ 

B1.3,2 

Mean masonry unit strength f^^ used in Equation B-1 shall be established by testing in accordance with 
AS/NZS 4456. The standard deviation x^^ shall be calculated in accordance with AS/NZS 4456. 

B1.3.3 

Mean grout strength shall be established by testing based on a minimum number of 10 samples in 
accordance with NZS 31 12: Part 2. The standard deviation Xg shall be calculated in accordance with 
NZS 31 12. 

B2 From compression testing of composite masonry prisms 



:m' 






■:D0grr:Engin§ers^^^ 




■ItBWcommeh^ 
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B2.1 Scope 

B2,1.1 

This Appendix specifies the procedure for the making and testing of masonry prisms for the determination 
of compressive strength of masonry where a design engineer uses compressive stresses greater than 
12 MPa. 

B2.2 Number and size of prisms 

B2,2.1 

Each test shall consist of a set of three prisms except as provided in B2.3.2. 

B2.2.2 

The thickness of a prism shall be the same as the thickness of the element represented in the structure. 

B2.2.3 

The length of a prism shall be equal to or greater than the thickness and not less than the length of one 
masonry unit. 

B2,2.4 

The height of a prism shall be a minimum of three courses and not less than three times the thickness 
of the prism. 

B2.3 Prism construction and storage 

B2.3.1 

Prisms shall be made from the same materials as those used in the element or elements represented and 
shall be constructed in the same bond as the structure except that where a prism is only one unit in length, 
stack bonding shall be permitted. No reinforcement shall be included. 

B2.3,2 

Each mason engaged in constructing the elements represented by a test shall lay up at least one prism 
of the test set. Where more than three masons are so engaged, the number of prisms comprising the test 
set shall be increased. 

B2.3.3 

Workmanship shall be that used in the construction and in particular the following features shall be the 
same as those used in the elements represented: 

(a) The condition of the masonry units; 

(b) The mortar bedding; 

(c) The thickness and tooling of joints; 

(d) The grouting. 

B2.3.4 

Prisms shall be constructed on a rigid, level base in the position in which they are to be stored until removal 
for testing. 
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B2.3.5 

Immediately after laying up, the prisms shall be covered to reduce evaporation and to prevent exposure 
to dripping or running water and to protect them from direct sunlight. They shall be left undisturbed until 
grouted. 

B2,3.6 

Grouting shall be carried out at the same time as in the elements represented. Grout shall be placed in 
a single lift and compacted by the same means as employed in the elements represented. After 
compaction, the top surfaces shall be finished smooth and level by trowelling. 

B2.3.7 

Immediately after grouting, the prisms shall be covered and stored in the conditions as required in B2.3.5 
for a period of not less than five days before being transported to the test laboratory. 

B2.3.8 

Care shall be taken in transporting the prisms to the test laboratory to avoid any damage. They shall rest 
on a bed of sand or sawdust or other soft material and shall be restrained from movement. 

B2.3.9 

Prisms shall be stored at the laboratory at a temperature not exceeding 25 °C until they are tested which 
shall be not later than 28 days after the date of grouting. 

|ceia^,;,,,,.,:,,|lif ^ ,.:;:3g- ;,,,.. It :i/J..: <■■■■■ '■\, Ml.. 1 ::^ :.mX-'l :.\:m;:-^^...:M-''' ...:tL. .^■^ff!■' .11:...^.. -I 

\ Because th&CQmpression tqsting of masonry f^^^ 

I strength of ivas^^ temperature in tfie-' 

laboratqry^and ma^lijiumageofWstingoni^^^ IriMicdgniiionttiaffil^ 

Ipricticable to closely control c^^ ■ 

;. Sjdpc/ffeS afe-^aj^ptable; It^ tHaWhere curing cdnBipons-arej^ic 

■< sorn0edijcti6ninstrengtli$lw^ -'l'^'^]' ' ,^jSp^-''r ;^iS^"'-"-^^r-^'-;ii¥''---<^^ ^taS 

B2,4 Determination of compressive strength of masonry prisms 
B2.4.1 Apparatus 

B2A1,1 

The testing machine shall comply with the requirements of NZS 3112: Part 2, section 6 except that the 
upper platen may be rigidly seated, in which case the test procedure of B2.4.2.2 shall be followed. 




B2A1.2 

When the bearing areas of the platens are not sufficient to cover the ends of the masonry prisms, auxiliary 
steel bearing plates at least 20 mm larger than the prism dimensions shall be placed between the platens 
and the masonry prism. Such plates shall have a thickness equal to at least one third of the distance from 
the edge ofthe platen to the mostdistantcornerofthe prism, but in nocaselessthan 15 mm. The surfaces 
of the steel plates shall not depart from a plane by more than 0.25 mm in any 150 mm dimension. 
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B2.4.2 Test procedure 

B2,4-2.1 

The determination of prism compressive strength using a test machine having a spherically seated upper 
platen shall be made in the following manner: 

(a) Examine the prism and report any damage or visual defects; 

(b) Record dates of laying up, grouting, and testing; 

(c) Record the width and length of the prism by measuring the sides at the central section , to within 1mm; 

(d) Wipe the bearing surfaces of the platens and auxiliary bearing plates and check that the ends of the 
prism are clean and dry; 

(e) Cut two pieces of 12 mm wood fibre softboard 20 mm larger than the prism dimensions and place 
one piece centrally on the lower platen; 

(f) Locate the prism centrally on the softboard on the lower platen; 

(g) Place the second piece of softboard centrally on top of the prism; 
(h) Check that the load indicator is at zero; 

(i) Carefully bring the upper platen in contact with the upper piece of softboard to ensure uniform seating; 

(j) Apply the load continuously and without shock at a constant rate of between 1 and 1 MPa/min; 

(k) Record the maximum load, in kilonewtons, carried by the specimen during the test; 

(I) Calculate the compressive strength of the prism by dividing the maximum load by the gross cross- 
sectional area; 

(m) Report the compressive strength of the prism to the nearest 0.1 MPa. 

B2.4.2.2 

The determination of prism compressive strength using a test machine having a rigidly seated upper 
platen shall be made in the following manner: 

(a) Use steps (a) to (e) of B2.4.2.1 ; 

(b) Trowel a layer of neat high strength gypsum plaster on to the top surface of the prism; 

(c) Locate the prism centrally on the softboard on the lower platen; 

(d) Attach a sheet of paper to the underside of the top platen or auxiliary bearing plate if used and bring 
into contact with the plaster on the top of the prism to ensure bearing over the whole area; 

(e) Leave the prism undisturbed in the testing machine until the plaster has attained sufficient strength 
for the test; 

(f) Separate the upper platen from the prism and place the second piece of softboard centrally on top 
of the prism; 

(g) Proceed with the test as in B2.4.2.1 steps (h) to (m). 
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APPENDIX C 

BOLTED CONNECTIONS IN MASONRY 

(Normative) 

C1 

Dec '06 I '^'^'^ Appendix gives the design strengths for bolts embedded in masonry. 

C2 

Where necessary bolts shall be protected from corrosion to comply with the requirements of section 4 
Design for Durability. 

C3 

Bolts shall be embedded in mortar, grout or other suitable materials from the surface of the masonry for 
the full length of the bolt into the masonry. 

C4 

Bolts shall be provided with a positive means of preventing loosening through tightening or loading either 
by cranking through their mid-length, forming an L or J shape or by welding suitable plates or bars to their 
heads. 

C5 

Detailing of bolts shall take into account: 

(a) Impact loads; 

(b) Vibratory loads; 

(c) Effect of volumetric changes due to shrinkage, creep and temperature. 
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C6 

The design strength in shear or tension of bolts embedded in observation types A, B or C reinforced 
masonry shall be limited to the values given in table C1 . 

C7 

The minimum edge distance for bolts measured to the centre of the bolt shall be not less than the required 
embedment length and the minimum spacing between bolts shall be not less than twice the embedment 
depth except where: 

(a) The load is reduced in the same proportion as the edge distance or spacing is reduced; 

(b) The bolts are confined by reinforcing, then the edge distance may be reduced by 50 % but shall be 
not less than the required cover. 
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C8 

Cast in bolts subjected to combined siiear and tension loading shall be designed to satisfy: 






+ ^^1.2 • (Eqc-i; 



where 

A/* is the design axial tension load 

(pN^ is the axial tension strength 

l/f* is the design shear load 

(pV^ is the shear strength, refer to table C1 

Table C1 - Design strength in shear and tension of bolts cast into reinforced masonry 



Diameter of bolt 

(mm) 


Embedment 

(mm) 


Observation Type A and B 

masonry 

0A/t and ^V, 

(kN) 


Observation Type C 

masonry 

<pNi and (pVf 

(kN) 


12 


100 


10 


5 


16 


125 


15 


8 


20 


150 


25 


13 


24 


175 


35 


18 



C9 Shear on bolted connections in masonry 



C9.1 



Where bolts are embedded in a grouted flue or cavity and protrude horizontally from the face of the units, 
the bolt shall be bedded right to the face of the unit. This may necessitate using a significantly oversized 
hole through the face of the shell of the unit or the skin (see figure C1 ). 

C9,2 

Dec '06 I Design strengths are not given for proprietary fixings as these vary considerably with type and depth of 
fixing and shell-face thickness. 

C9.3 

Edge distance requirements are illustrated in figure C2. 
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Figure C1 - Typical bolt detail 
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Figure C2 - Edge distance requirements 
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APPENDIX D 

PARTIAL FILL REQUIREMENTS 

(Normative) 

D1 Scope 

This Appendix details the special requirements for partial fill masonry. It is intended as a series of points 
that modify the application of the principles contained in the sections of this Standard and not as a stand 
alone section. 

D2 Ductility 

Buildings containing partial fill as the main structural load resisting system shall be limited to a structural 
ductility factor of ^ = 2 unless a special study shows higher ductilities may be used. 

D3 Ductile frames 

Partial fill shall not be used as the main structural load resisting system in buildings designed as ductile 
frames. 

D4 Confining plates 

Partial fill shall not be used in the design of walls requiring confinement plates unless special study shows 
this to be acceptable. 

D5 Axial loads 

Area of face-shells (see AS/NZS 4455) in empty cells shall be ignored for axial load calculations. 

Area of face-shells in empty cells shall be ignored when calculating buckling loads of walls. 

D6 Shear loads 

Shear loads are to be allocated to grouted cells only. Face-shells of grouted cells may be included in shear 
calculations. Face-shells in ungrouted cells may not be included. See figure 10.1. 

D7 Flexurai loads 

Area of face-shells in empty cells shall not be included in the calculation of a depth of equivalent 
rectangular stress block. 

\^CD7 ?^-^ ^'^''''^'li^^ ''-'i : M '-^0 .'' ' k'V^it {#^.;!^^i^: r ^*- ^#S- ■■■i^^f ;,^.^^ ^^it '■ ''^^ '^^^# ■;^S 

i:0hep;0culatin§1n^ 



D9 Minimum reinforcement 

Minimum reinforcement shall follow the rules for solid filled masonry, but the actual grouted area of the 
wall shall be used, not the gross cross-sectional area. 

D10 Horizontal reinforcement 

All partially filled walls shall contain, as a minimum, a horizontal bond beam of minimum dimensions 
140 mm wide by 190 mm deep reinforced with at least two D16 bars with R6 links at 600 mm centres at 
each floor level. 
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APPENDIX E 

SPECIFIC DESIGN FOR SMALL REINFORCED MASONRY BUILDINGS 

(Normative) 

El Scope 

This normative Appendix specifies the design methods to be used for small reinforced masonry buildings. 

The dimension limitations forthese buildings shall comply with clause 1 .1 3 of NZS 4229 except as follows: 

(a) The total height from covered ground level to highest point up to roof shall not exceed 12 m; 

(b) The plan footprint area shall not exceed: 

(i) 720 m^ for single storey masonry buildings; 

(ii) 300 m^ for two storey masonry buildings; 

(iii) 400 m^ for two storey masonry buildings where the upper storey is constructed of timber and the 
external wall of the lower storey is of masonry supported on a concrete slab-on-ground, concrete 
or masonry footings or masonry walls; 

(iv) 300 m^ for two storey buildings and two storey with attic buildings constructed with upper storey 
or storeys of timber supported on a lower storey of masonry with the top storey contained within 
a roof space. 

DeT '06 I '^^^ imposed action shall be determined from AS/NZS 1 170. 

^covers t^a storey feskiei^^ Tti^ purpose otthisApffn^^ permit the use Sfipecifid^^^^^ 

''' desigKbyektension: of the design philosaphies arid jive loading used to generate theiabiJIar design 

:^inms^4229^^^^^ 

E2 Material and strength properties 

The material and strength properties of 3.4 shall apply. 

vWhedasic^ 

rammimum^ the^atue^f^ 423g^i^The^ i 

^^d0si0iipatw^ 

t'f^rpvisigns^W-^^^ 

E3 Bracing capacity 

Specific design for small reinforced masonry buildings shall follow the provisions of A3.2.2 of NZS 4229 
but the strength reduction factors in this Standard may be used in lieu of those given in table A3.1 of 
NZS 4229. 
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E4 Bond beams 

The design of bond beams shall follow the rationale of A3. 3.1 of NZS 4229. 
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APPENDIX F 
MASONRY VENEERS 

(Informative) 

F1 General design principles 

F1 .1 Specific design of veneers 

Reinforced and unreinforced masonry veneers, their wall ties and supporting structure, should be 
Dec '06 I specifically designed to cater for in-service loads and ensure there is adequate strength and compatibility 
between the component parts of the masonry veneer system. 

F1,2 Influence of properties on design 

The seismic performance of a masonry veneer tied to a structure is influenced by the stiffness, strength 
and ductility of the component parts of the veneer, its wall ties and the supporting structure"^"^. These 
properties should be considered in the design of a masonry veneer vulnerable to earthquake actions, 
both in the plane of the veneer and at right angles to it. 

F1,3 Seismic response 

Masonry veneers and their fixings should not adversely modify the designed seismic response of the 
structure. 

F1 .4 Minimum damage to veneer 

Every masonry veneer should be designed and detailed to ensure that it suffers a minimum of damage 
during deformations of the supporting structure under seismic conditions. 

F1.5 Differential movement 

Masonry veneers should be designed and detailed to accommodate long-term in-service differential 
movement between the building structure and the veneer cladding without either damaging the masonry 
veneer or structure or endangering the face load capacity of the wall ties or their connections'^^- ^^. 

F1.6 Gravity loads 

Masonry veneers should not support gravity loads from other parts of the structure, and the supporting 
structure should be strong enough to support gravity loads from the masonry veneer'^'*- ^^. 

F1.7 Isolated masonry veneers 

Masonry veneers which are structurally isolated from the seismic force resisting system should be 
designed as elastic responding structures in the plane of the veneer and should be detailed to have both 
proportions and shape to resist any in-plane seismic-induced forces generated through their own mass. 

F1 .8 Support of unreinforced masonry veneers 

Unreinforced masonry veneers should be tied at regular centres to supporting walls and should conform 
with the dimensions and support requirements in F2 and F3. 

F1.9 Regular support of reinforced masonry veneers 

Unreinforced masonry veneers should be tied at regular centres to supporting walls, except as covered 
by F1 .10, and should comply with the dimensional and support requirements of F2 to F4 inclusive. 

F1 .1 Irregular support of reinforced masonry veneers 

Reinforced masonry veneers not tied at regular centres to supporting walls should comply with the 
dimensional and support requirements of F2 to F4 inclusive. 
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F1,11 Stiff wall ties 

Structures braced by stiff concrete or masonry shear walls may have masonry veneers fixed with stiff wall 
ties complying with the provisions of AS/NZS 2699.1 provided it can be shown that the veneers will not 
materially alter the seismic response of the structure, or their wall ties be overstressed'^^. 

F1,12 Flexible wall ties 

Masonry veneers supported by walls, where the seismic resisting structure consists of a flexible frame, 
sheet bracing on timber framing or timber or light steel bracing system, should be structurally separated 
by flexible wall ties to the provisions of AS/NZS 2699: Part 1 . 

F1 .1 3 Shear strength of masonry veneer 

The evaluation of shear strength of a veneer should be in accordance with section 10. The total width 
of unreinforced veneer panels should be considered in determining their shear strength*^^- ^^' ^^. 

F1,14 Flexural strength of masonry veneer 

The evaluation of flexural strength of reinforced masonry veneers shall be determined from the masonry 
to mortar bond strength of the proposed construction, as tested in accordance with NZS 4210. In the 
construction documents the designer shall specify the minimum masonry to mortar bond strength used 
in the design in the construction documents'^"' °. 

F2 Dimensional limitations 

F2.1 Minimum thickness of regularly supported masonry veneers 

Unreinforced masonry veneers and reinforced masonry veneers tied at regular centres to a supporting 
wall, and not grouted to the supporting wall, shall have a minimum thickness of 70 mm. 

F2.2 Minimum thickness of irregularly supported reinforced masonry veneers 

DeT '06 I Reinforced masonry veneers tied at irregular centres to a supporting wall and not grouted to the 
supporting wall should have a minimum thickness of 90 mm. Each reinforced cell should have a clear 
flue area of not less than 2000 mm^ and a clear flue dimension of not less than 32 mm. 

F2-3 Thickness of unsupported reinforced masonry veneers 

Reinforced masonry veneers not tied to a supporting wall should comply with the thickness requirements 
of section 7. 

F2.4 Maximum height of unreinforced masonry veneers 

Unreinforced masonry veneers should not exceed the heights in table F1. 

F2,5 Vertical support of unreinforced masonry veneers 

Unreinforced masonry veneers should be supported vertically on a foundation and at such floor levels that 
the cavity does not extend more than two storeys in height. 

F2.6 Vertical support of reinforced masonry veneers 

Reinforced masonry veneers should be supported vertically at the foundation and at such floor levels that 

thp n;i\/itu HoPQ not PYtpnH mnrp than 11 n m in hprnht 
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the cavity does not extend more than 1 1 .0 m in height. 
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Table F1 - Maximum height of unreinforced masonry veneers which 
are subject to specific design (m) 



Construction of support walls 


Timber 


Concrete or masonry 


At general locations 
(Note1) 


7.5 


9 


Adjacent to egressways and public places 
(Note 2) 


3 


3 


NOTE - 

(1 ) The height is measured from the top of the foundation or foundation wall to the top of the wall except that 
where the top of the wall is sloping the maximum height is measured to the higher of: 

(a) The mid-height of the sloping portion; or 

(b) To that level above which the area of masonry veneer wall, inclusive of openings does not exceed 
2.0 m2. 

(2) The height is measured from the ground surface on which people will travel to the top of the wall. This 
condition applies to all areas where there would be a danger from falling masonry to people leaving the 
building in an emergency situation. It does not apply to single unit dwellings or where there is a protective 
canopy. 



F3 Wall ties 

F3.1 Wall tie design requirements 

Wall ties should comply with the requirements of NZS 4210 and AS/NZS 2699:Part 1, and should be 
capable of accepting differential deflection, including seismic displacement, and imposed forces between 
the masonry veneer and the supporting structure in the plane of veneer. 

F3.2 Forces in wall ties 

Forces in wall ties to resist veneer face-loads in accordance with AS/NZS 1 1 70 should be determined by 
rational analysis, taking into account the relative stiffnesses of the masonry veneers, wall ties and their 
support as a composite structure'^'^' ^^. The maximum E value of veneers, for the purpose of determining 
out-of-plane stiffness, may be taken as 4 GPa unless otherwise determined by test data'^''^ 

F3.3 Spacing of ties in unreinforced masonry veneers 

In unreinforced masonry veneers the spacing of ties should conform with NZS 421 0, except that in gable 
areas the spacing should be decreased to one half the standard spacing for a raking band width of 800 mm 
following the top of the veneer. 

F3.4 Spacing of ties in regularly supported reinforced masonry veneers 

In reinforced masonry veneers tied at regular centres to a supporting wall, ties should be built into 
reinforced cells where practicable, and the distance between the ties may be increased so that a 
maximum of 0.48 m^ of face area of veneer is associated with each tie. 

F3.5 Spacing of ties in irregular supported reinforced masonry veneers 

In reinforced masonry veneers not tied at regular centres to a supporting wall, ties should be built into 
reinforced cells and should coincide with each vertical reinforcing rod. 

F3.6 Openings 

Wall ties around openings should comply with NZS 4210. 
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F4 Reinforcement 

F4.1 Protection of exposed reinforcement 

Reinforcement should be galvanized or otherwise protected where the cover requirements are not 
satisfied. 
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